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My Lozp Dux, 
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more than a common claim to your 
Grace 8 Patronage; - for, to whom, 
could a work, compiled expreſsly for 
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vi DEDICATION. 
the inſtruction of young men deſtined 
to ſerve in the artillery, be with ſuch 
peculiar propriety inſcribed, as to your 
Grace ? under whoſe auſpices the Royal 
Military Academy has attained a pitch 
, of excellence, that promiſes to the 
Sovereign and nation, whoſe bounty 
ſupports it, an ample compenſation 
in the knowledge and talents of the 
75 ſtudents. ; 


Theſæra of your Grace's command - 
of the ordnance has been diſtinguiſhed 
by many ſalutary reforms an uſeful 
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. DEDICATION. vii 
regulations 3 and by am attention to 
every thing that can tend to the ad- 
Fancement of the public ſervioc; or 
the promotion of ſcience: I band | 


therefore, preſumed to dedicate this 


tranſlation, the employment of my a 
leiſure hours, to your Grace; in the 
hope, that it may ſerve more generally '_ 
to diffuſe the ſuperior military know- 
ledge of M. D' Antoni. 1Dhν 


I beg leave to ſeize this opportu- 
nity of expreſſing my wiſh, that the 
Royal Regiment of Artillery may long 
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Lari apology is noceflary for giving , 
to the public in an Engliſh-dreſs, the three fol- 

lowing treatiſes, written originally in Italian dy 4 
M. D' Antoni; who, from his extenſive know - 
ledge and voluminous publications, ranks high 
among the military writers of the preſent age. 
The object immediately propoſed by the au- 
thor in theſe and his other works, is the in- 
ſtruction of the young officers of artillery and 
engineers; and the ſtudents in the military 
academies, over which he preſides. From this 
circumſtance and from the particular ſubject of 
theſe treatiſes, it may at firſt ſight be conceived, 
that their ſcope is too confined to merit general 
attention; but this objection will inſtantly vaniſh 
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XY THE TRANSLATOR'S " 
on tlie reflection, that from the various combi- 

nations and calculations; which inevitably enter 
into the military ſyſtems of modern days, a 


courſe of ſtudy is requiſite to form an officer: 


and where enn this ſo properly commence, as 
with gun · powder? on the effects of which victory 
or defeat eſſentially depend. The evolutions of 
ſquadrons and the manœuvres of battalions are 
in themſelves neceſſary parts of a military edu- 
cation; they ſtand in the predicament of many 
other qualities, which it is reproachful to want 
and not very meritorious to poſſeſs : 4 'Multa 


4 ſunt; que quamvis cognita non magnam mere- 
V antur laudem, eadem tandem ignorata non leve 


poſſent dedecus imprimere.“ But an officer 
Who looks forward to diſtinction will go far« 
they; not content with ſuperficial knowledge, 
he will trace the military ſcience in its progreſs 
froth the moſt ſimple to the moſt complicated 
details; examine the properties and forte of 
each particular agent; and thence form thoſe 
combinations, which adapted to circumſtances 
and fituations diſplay, what is juſtly m a 


knowledge of the art of war, 

*O6nfidered in this point of view, bes e 
be little doubt but that the productions of M. 
D'Autom may be eminently uſoful: for though 
1 af che obſervations may have occurred 
8 do 


erge- * Il 
to Cr terre Sos wt 
copiouſneſs, and, in general, the originality of 
the matter, together with the clearneſs of the 
arrangement, will, it is conceived, render it 
more ſatisfaQory and fit for general ule, than 
any preceding work of the kind. \ of 
It muſt indeed be confeſſed, that in this 

country, the inducement for an officer to make 
a ſtudy of bis profeſſion is not very great 3 
weight of intereſt and length of purſe ſuperſede 
all neceſſity for knowledge or application: few 
will ſubmit to the drudgery, requiſite for at» 
taining a maſtery of the profeſſion, ſince ſuch at- 
tainment avails nothing, opens no avenue to 
rank or emolument, no proſpect of advance- 
ment: in the law, in the church, in other 
lines of life, learning and application have ſome 
eſſect; in the former particularly, there. are 
daily inſtances of abilities forcing their way 
through the gloom of friendleſs poverty and 
Karting into the broad ſun- ſhine of rank and 
riches: in the military line, ad ſuch ien 
Occur. 
This picture, however Ge, ks not. 5 
diſpleaſing ; on the contrary, it will, on reflec- 


tion prove what every true · born Briton inſiſts 
on with exultatian, that the military is a very 


| . , h, of Jaan: Every 
thing 
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thing in the courſe of time finds its lever: 
had the' tuation of this country rendered its 
exiſtence in ſeparably commected with a nume 
rous army; or had an extenſive frontier, expoſed 
to the invaſion of powerful neighbours, made a 
chain of fortreſſes requiſite for its protection; 
the neceſſity of cultivating the military ſcience 
would have been felt: conſequence would have 
attended the officer, conſidered both in his po- 
| litical capacity with reſpect to the ſtate, and in 
his individual capacity as to his ſuperior en- 
dowment, and he would naturally have riſen to 
the higheſt level in ſociety. But the peculiar 
felicity of our inſular ſituation, having in a 
great meaſure ſuperſeded the neceſſity of main- 
taining theſe armies and fortreſſes, we are fallen 
by a gradation natural to human nature, into 
the oppoſite extreme: an extenſive line of ſea- 
coaſt left totally to the protection of the navy; 
invaluable depoſits vf naval ſtores either wholly 
_ uncovered, or expoſed to be deſtroyed by a few 
- hundreds of the enemy; and not a ſingle fortreſs, 
where the young men deſigned for the army, 
may ſee the operations of attack and defence, 
and exemplify the leſſons they may have re- 
e at their ſeveral academies or ſchools. 
*It may be urged that officers cannot be formed 
10 time of peace, that all the theory in the 
world 
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world is incompetent io this end: the-fallacy of 
this argument, however ſpecious j it may. at firſt 
ſight appear, is eaily expoſed, _ During. the 
gloom of the middle ages, when the ſun of 
ſcience underwent a total eclipſe, and the arts, 
by which the Grecians and Romans had con- 
quered the world, ſunk with all other {ſpecies of 
knowledge into one common grave; while 
armies, in the i ignorant ſpirit of the feudal ren 
tem, were compoſed of peaſantry drawn toge- 
ther on the emergency, badly armed, and worſe 
diſciplined ; there ſeemed little more requiſite 
to direct their endeavours for the ſudden and 
ſhort-lived occaſion, than braver in the officers. 
But the neceſſity of ſcience was bon felt: before 
e were applied to the purpoſes. of 

before ſyſtems of tactics were, formed; 
ha was a certain combination of ciicums 
ſtances founded on calculation and . previous, ar- 
rangement, which every officer commandiog a 
body of troops found NE ST ST: 
ſure ſucceſs. oy 
Since the invention of gun-powder and 
introduction of fire-arms, what was formerly 
the effect of muſcular ſtrength, is now the 
reſult of ſolid principles, deduced from theory 
and confirmed by experiment. Hence, War as 
a ſcience, is grounded \ on certait n immutable 
* axiomsz 


» * 
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: axioms 3 a knowledge of which, joined to kabirs 


of reflection and au acquaintance with the beſt 
military writers, will go far en my 
an excellent officer. | 
Not that experience is to be undervalued, or 

the merit of thoſe depreciated, who by dint of 
obſervation have in time acquired a very large- 
ſhare of practical knowledge, to their own ho- 
nour-and the advantage of the ſervice; and it 
muſt be confeſt, that practice unaided by theory 
will in many caſes effect more, than theoty 
without practice can do: yet while we admit 


that experience 4s our ſureſt guide, it muſt be 


granted at the ſame time, that to make judi- 
cious obſervations and accurate experiments; to 


_ draw juſt inferences; not to confound the effects 


of one cauſe with thoſe of another, and to apply 
our obſervation and experience to the beſt pur- 
poſes; is not a very ſimple or common thing. 
Happily for mankind, wars are neither ſo fre- 
quent or of ſufficient duration for an officer to be 
formed by practice alone: the commentator on 
Polybius, whoſe voluminous work is fraught © 
with excellent maxims and juſt remarks, aſſerts 
that the Coup d' Oil“ chat talent by which 
a, general ſeizes at once all the advantages pre- 
ſented by a country and improves them to tlie 
en may be acquired m time of peace by con- 

1 tinually 


g PREFACE. 4Y XV 
tinually obſerving the varieties of ground offered 
to the view, and for this purpoſe: particularly 
recommends the chaſe.” | Now if this branch 
of the military art, which perhaps more than 
any other is the teſt of genius, can be obtained 
during peace, how much more muſt the ſab» 
ordinate. parts be within our reach? ? 

It would exceed the bounds of a: profane. fe 

purſue this idea and point out the plan of edus 
eation beſt adopted to our natural and political 
circumſtances: the diſcuſſion of the queſtion, 
why this. iſland ſo fertile in men of genius in 
all other branches of ſcience, has produced ſo 
very few men of firſt rate talents in the military 
line; and why we have had few or no-wri» 
ters of real, original merit on the ſame ſubject, 
would be naturally involved in the enquiry ? 
let it therefore be diſmiſſed for the preſent, with 
a hope that the preceding remarks will not be 
deemed altogether impertinent in che preface to 
a didactie work. 


The ſelection of the three Gos ing wette 
has bren made from the reſt of M. D'Antohi's 
works, in the deſire of diffuſing the knowledge 
contained in them among military men in ge- 
neral; but more particularly among the officers 
of artillery: for it muſt be the wiſh-of every 
eee uſeful as the royal 
1 * artillery; 
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artillery; that bas has obtained the ſeal of heir pod, | 
conduct iu the approbation beſtowed: on: their 
ſervices, by the men that Britain has choſen 
to command her armies for ſeveral wars paſt, 
ſhould ſtill retain their fight to the applauſe of 
the diſcerning part of their profeſſion and to the 
gratitude of their country. The ſentiments of 


. an artillery- officer, grounded as he ſhould be in 


the ſeveral parts of military ſcience, are in 
every ſervice held in high eſtimation; a flatter- 
ing dittinction, the right to which can only be 
W by ſuperiority of knowledge. In this 


reſpeR, the very high ſtate of improvemetit 
that the royal academy at Woolwich has at- 


tained, and the numberleſs good regulations that 


, have been made within theſe few n paſt; 


preſent a moſt pleaſing proſpedt. 


Alfter the recent publications on artillery by 


Doctor Hutton, wherein he has by a ſeries of 
tbe maſt accurate experiments, eſtabliſhed cer- 


tain principles and deductions, as abſolute data 


in zupnery ; a tranſlation of the treatiſe on 
gun-powder, might by many be deemed ſuper- 


| fAluous; particularly, as it militates againſt 


ſome of the concluſions drawn by. the leatned 
profeſſor. at Woolwich :. but. whoever reflect 
for a moment, on the various. opinions that 
have for a long time prevailed among practiti- 

12:8 oners, 
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oners, on be ti of powder. and its action 
on projectiles, will be pleaſed to find the opi- 
nious of celebrated. men brought forward to 
public view; that the poipts on which they 
agree may be laid down as fixed axioms, aud 
thoſe wherein they differ more fully diſcuſſed. 
Dr. Hutton, for inſtance, - aſſerts that no ſtreſs 
whatever 1s to be laid on the wadding of guns, 
with reſpect to increaſing the force of the 
charge: D'Antoni afficms the contrary, and in 
this he is ſupported by Colonel Thompſon, 
who has favoured. the world with ſeveral 
ingenious papers on gunnery, Truth can only 
be attained by experiment ; and to reaſon from, 
effects to cauſes is the only mode for beings ac- 
quainted with nothing but effects: without this, 

cauſes can only be conjectured at; and the 
different ideas that have at various times pre- 
vailed on the ſubject of artillery, is a convinc- 
ing proof of the e. error to which conjecture 
is liable. | | 

Without entering into * hiſtory of the ſei⸗ 
ence, it will ſuffice to obſerve, that before Ro- 
bins, who was in gunnery what the immortal 

Newton was in philoſophy, the founder of a 
new ſyſtem deduced from experiment and na- 
ture, the ſervice of artillery was mere matter 
of chance, founded on no principles, or at 


b beſt, 
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| beſt, but erroneous ones. All the nations of 
Europe have joined in .commendation of Mr, 
Robins, and adopted his axioms : yet much re- 
mained to be done; and it was left for the abi- 
lities and profound ſcientific knowledge of Dr. 
Hutton, by proſecuting his diſcoveries on a 
larger ſcale, to confirm his concluſions. 

The military reader will not be diſpleaſed 
with an account of the productions of M. 
D' Antoni and a ſhort ſketch of their contents: 
being compoſed i in a language that is not in 
general technically underſtood 1n this country, 
they are lefs known than their merit entitles 
them to be. 

M. D'Autoui's works conſiſt of thirteen vo- 
lumes in 8vo. the firſt in point of publication 
was the treatiſe or examination of powder: the 
author, conſidering fire as the baſis of all expe- 

riments upon gun-powder, gives in the firſt 

part of this treatiſe a definition of it; and then 

inveſtigates its effects on bodies, pointing 

out the ſeveral modifications it is liable to: he 
afterwards proceeds to analyze ſulphur, char- 
coal and faltpetre; the properties of which he 
conſiders individually and then colleQively, as 

in the manufacture of gun-powder, of which 

he deſcribes the various ſorts. He then lays 
down a a theory of the inflammation of powder, 
and 
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and deduces a number of inferences practically 
uſeful and in general coinciding with the re- 
ſults of experiments made in this country. In 
the-ſecond part, after expatiating upon the dif+ 
ficulty of meaſuring the force of fired gun- 
powder, even when the utmoſt care and precau- 
tion are taken to guard againſt error and irregu- 
larity; and thence inferring the impraQticability 
of doing it to an abſolute certainty in military + 
operations, where a thouſand circumſtances 
concur to baffle the attempt: he aſſerts the ab- 
ſurdity of laying down any rule as regular and 
conſtant ; ſince the utmoſt that can be obtained 
is an approximation, ſufficient with a tolerable 
ſhare of intelligence and accuracy for all com- 
mon purpoſes, To this end, he firſt conſiders 
the force of powder in its moſt fimple, and af- 
terwards in its moſt complex ſtate: then having 
dwelt on its modifications when fired in guns, 
he paſſes to an inveſtigation of the initial velo- 
city of projectiles, of the law of their impulſion, 
and terminates the treatiſe with experiments 
on the reſiſtance of the air. PII EF SIO 

Having in the former treatiſe, examined the 
nature and compoſition of gun-powder, and 
analyzed it's properties, the author in the ſecond 
work, entitled a Treatiſe on Fire-arms, applies 
theſe principles to practice; but in order to 

b 2 carry 
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carry method and perſpicuity into every part 
of his ſubject, he takes up the matter ab initio 5 
and in the firſt place treats of the reſiſtance of 
fire-arms : in the courſe of which, he examines 
the hardneſs and tenacity of the metals employed 
in their conſtruction, giving at the ſame time 
the method of refining and fuſing them, with 
remarks on the ſeveral proportions in which 
they are to be mixed together. Then, having 
made ſome obſervations on the windage, figure, 
length, and caſting of braſs guns and mortars, he 
points out the inconveniences arifing from what 
is called “ the running at the vent,” and con- 
cludes with the ſeveral methods of proving and 
examining new guns. The ſecond part of this 
work is entitled On Projectiles;“ he explains 
the duty of an artillery-officer, both on battery 
and in the field, as far as regards the initial velo- 
city of ſhot, the path of the ſhot's flight, and 
its effects upon works; and calculates the num- 
ber of men, that may be killed or wounded in 
action, both by round or caſe- ſhot fired from 
guns of different calibres at various poſitions of 
the enemy. He draws a compariſon between 
the effects of the howitzers and field pieces, 
and finiſhes with a chapter on ſhells projected 
from mortars. 
The various properties of oder being thus 
aſcertained, 


PREFACE. xxi 


aſcertained, and its application to ſire- arms 
fully conſidered; the author as a neceſſary con- 
ſequent, treats in the third work, ** Of the Ser- 
vice of Artillery in the Time of War,“ begin- 
ing with the attack of places; in the courſe of 
which he developes, the firſt diſpoſitions for 
. ying ſiege to a fortified town, wherein are 
comprehended the proportion of guns and ſtores 
for the attack of fortreſſes; the precautions ne- 
ceſſary to to be taken for enſuring the ſafety of 
the convoys; the ſituation of the park; the 
conſtruction of the firſt, ſecond and third bat- 
teries; the attack of the countermines and the 
ſurrender of the place: diſtinguiſhing the ſeve- 
ral kinds of ſieges, and giving directions for 
diſmantling and blowing up the works of a re- 
duced fortreſs. The ſecond part includes the 
whole ſcience of defence; the author is parti- 
cularly diffuſe on the ſubject of mining, and lays: 
down rules for the defence of a place conſtructed- 
on a ſyſtem of demolition. The third part treats 
of the field ſervice of artillery : to convey to 
artillery officers an adequate idea of this eſſential 
branch of their profeſſion, he enters into the 
formation of an army, and the ſyſtem of tac - 
tics, and lays down diſpoſitions for the march 
and encampments of armies, and for parking; 
the artillery : in the next place, he gives the 
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method of diſpoſing the artillery in the FRY of | 
action; and its uſe in the defence and attack 
of field- works, together with the principles of 
their conſtruction; whether for covering a 
country or intrenching an army : and con- 
cludes with the duties to be performed in can- 


tonments and winter quarters. Although'theſe * 


three treatiſes did not immediately follow each 
other in point of time, 'yet as they are in,a 
manner connected together and form the ſub- 
ject of the following work, it was deemed ex- 
pedient to claſs them together. 

The firſt book of military l is 
prefaced with a general idea of fortification and 
of the art of war, with a ſuccinct account of 
the writers on thoſe ſubjecks. The ſituations 
proper for regular fortifications are pointed out, 
with rules and directions for the conſtruction 
of the body of the place, and n of 
every denomination. 

This firſt book containing as it were, the ele- 
ments of fortification, which is conſidered un- 
der three heads, viz. the ancient, the primitive 
modern, and the preſ-nt ſyſtem, is followed in 
natural order by the ſecond volume, compre- 
hending the attack and defence of regular for- 
tifications. 

The third comprehends the maxims and 

principles 
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principles of fortification ; with remarks on 
the various ſyſtems that have been hitherto 
publiſhed, and directions for diſpoſing the 
mines in a regular fortreſs. 

The fourth includes the whole ſyſtem of irre- 
gular fortiſication. ä | 

The fifth treats of the materials uſed in the 
conſtruction of works, with directions for aſcer- 
taining their, ſeveral qualities; and concludeg 
with a chapter on hydraulics, and on works 
that are to be occaſionally made in water, 

The ſixth comprizes irregular attack and de- 
fence, and the ſyſtems of field fortification, 

In the two volumes on natural philoſophy and 
mechanics, ſtiled « Phyſico- mechanical Inſti- 
* tutions,“ the author treats of the various 
branches of thoſe ſciences which he eſteems 
indiſpenſably neceſſary for an artillery officer to 
be acquainted with, and enlarges on chemiſtry 
and metallurgy, which are brought into practice 
in the analyſis of powder and the treatiſe on 
fire · arms. 7 

The practice of artillery in time of peace, 
contains rules for examining and proving guns, 
ſhot, ſhells and powder; with the dimenſions 
of pieces of ordnance, and of the carriages uſed 
in the ſervice of artillery; the conſtruction of 

the furnaces and moulds for caſting cannon, and 
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the duties of the laboratory and arſenal are ex- 
plained. » 
In the eſſay ** On the Management of Guns, 
| &c.” are comprehended directions for uling 
the ſeveral machines, as the gin, capſtan, &c. . 
and diſpoſitions for poſting the men numerically 
to the ſeveral duties. | 
This is a flight ſketch of the contents of 
theſe volumes, which altogether form a com- 
plete ſyſtem of artillery and engineering ; and 
perhaps, in a future day, ſome individual whoſe 
leiſure permits may favour the public with a 
tranſlation of them : well would the editor of 
this work deem his labours requited, thould his 
example excite others of the corps to purfue the 
fame route; a route, not ſtrewed, *tis true, 
with many flowers, nor leading either to the 
temple of fortune or of fame, yet abounding 
with objects ſufficient to afford matter of obſer- 
vation and reflection to a contemplative mind. 
It will be a ſource of ſatisfaction to profef- 
fional men to obſerve, that the ſame ideas and 
modes of practice prevail among men of genius in 
difterent countries. M. D*Antoni, for inſtance, 
makes frequent applications to chemiſtry, and 
recommends it in common with other branches 
of natural philoſophy ; a courſe of chemical 
lectures is eſtabliſhed at Woolwich by the 
: maſter- 
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maſter- general of the ordnance : Who after this 
concurring teſtimony can doubt, that chemiſtry 
enters into the education of the complete officer? 
A former maſter-general laid a foundation for 
theoretical and practical knowledge by found · 
ing the royal military repoſitory ; where the 
inventions of ingenious men of all nations in 
the military art may be collected together 
and diſplayed both in models and books : M. 
D' Antoni refers his reader frequently to the 
models in the royal ſchools; as to a place, whence 
he may draw from actual obſervation the moſt 
accurate knowledge with reſpe& to the con- 
ſtruction and mechaniſm of military machines. 
The repoſitory in both countries has been 
equally. productive of a further good: in Turin, 
it has led to the compilation of a kind of ma- 
nual of artillery in the two books entitled the 
« Practice of Artillery and the Eſſay on the 
„Management of Guns, &c.“: with us, we are 
indebted to the exertions and abilities of Major 
Congreve for the eſtabliſhment of a plan of ex- 
erciſe, and a ſyſtem of practical knowledge. 

It would be tedious to dwell on all the points 
wherein theſe two ſyſtems agree; the artilleriſt 
who has made himſelf maſter of the principles 
eſtabliſhed at Wool wich, will on a peruſal of M. 
D'Antoni's works find them fully confirmed at 
Turin. 
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Turin. Similar inſtitutions at the ſame time 
and at different places prove their own pro- 
priety and utility: one man or ſet of men may 
err; men of liberal minds and comprehenſion 
of intellect in different countries thinking alike, 
can hardly think wrong. . 

It would be a pleaſing theme to a man, wha 
regards with any enthuſiaſm the future proſpects | 
of the corps of artillery, in reſpect to know- ' 
ledge and emancipation from prejudice, to 
dwell on the ſeveral uſeful and ſalutary regula- 
tions that have within theſe. few years paſt been 
adopted: but, the enumeration which would 
gratify zeal, would be irkſome to indifference. 
One inſtitution, indeed, from its general good 
to the country merits particular attention,” If 
Britain ranks high in the ſcale of nations, ſhe 
is indebted for that pre-eminence to her mari- 
time force; the ſecond point in that force, is her 
naval ordnance; the eſtabliſhment, therefore, 
of the office of iuſpector of artillery became a 
very important conſideration; the number of 
guns deſective in eſſential principles was become 
a matter of ſerious alarm; the artifices of con- 
tractors and the ignorance of founders made it ne- 
ceſſary, that officers of knowledge and reſpecta- 
bility ſhould be appointed to the ſuperintendance 
* that department ; the inſtitution took placę 

. under 
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under the direction of Major Bloomfield, and the 
good effects reſulting from it are too recent to 
need recapitulation. 

There are ſome points in which M. D' Antoni 
differs widely from the commonly received 
opinions: in his proportion of ordnance and 
ſtores for the attack and defence of places, | 
. he omits howitzers and includes a large pro- 
portion of mortars. It is doubtleſs an object, 
highly worthy the attention of profeſſional 
men to inveſtigate, how far mortars can in 
moſt caſes ſupply the place of howitzers. The 
abſurd idea of fixing them in their beds at a 
certain elevation is at length, to the credit of 
the preſent day, in a fair way of being explo- 
ded: the adoption of Captain Lawſon's mode 
of elevation, which ſeems at once to unire 
ſtrength and ſimplicity, the two leading fea- 
tures in military mechanics, will go far toward 
the completion of this object. The field-how- 
itzer, notwithſtanding the apparent fairneſs of 
M. D' Antom's compariſon, will ſtill maintain 
its ground : it is true as he aſſerts, that the 
moral effects of howitzer-ſhells cannot be cal - 
eulated; yet, ſuch is the conſtitution of human 
nature, that though we cannot aſcertain to 
mathematical preciſion the force of terror, we 
are nevertheleſs certain that it works wonderful 


effects 
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effects on the moſt ſtupid as well as on the moſt | 
enlightened minds. - His general condemnation 
of light, ſhort guns is deduced from the faireſt 
of all principles : the only true criterion to 
Judge of the efficacy of field artillery, is their 
relative effects when compared with muſquets; 
whenever the fire of artillery can only produce 
an effect a little greater than a few files of muſ- 
queteers can, no man who conſiders impartially 
the advantages and diſadvantages attending the 
uſe of each fire-arm will hefitate to declare, 
that the artillery ſhould be diſuſed. In ſaying 
this, there is no reaſon to dread that artil- 
lery will loſe any of its credit ; profeſſional 
men will ever know how to eſtimate its conſe- 
quence ; it is only by bringing forward guns, 
that cannot produce the effect expected from 
them, that the ſervice of artillery can be 
brought into diſrepute. The infantry form 
the ſoul of an army; it is to ſſupport and 
ſtrengthen their diſpoſition, that guns are 
brought into the ſield. Each arm has its par- 
ticular attribute: to the infantry, belong ſolidity 
and firmneſs; to the cavalry, velocity and weight 
of charge; and to the artillery, length of range 
and irreſiſtible force. As well would a ſqua- 
dron of cavalry, whoſe utmoſt velocity could 
not exceed the quick march of infantry, anſwer 

the 
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the purpoſe of cavalry; as a gun, whoſe range 
with certainty would not much exceed the 
range of a muſquet, anſwer the purpoſe of ar- 
tillery. The reveries of ſpeculatiſts, or the 
crude, ill-digeſted productions of mere practi- 
tioners are equally to be rejected. The per- 
fection of artillery is to unite ſolidity with 
lightneſs, ſimplicity with ſtrength, and to add 
length of range to certainty of execution: who- 
ever does the moſt toward attaining theſe ob- 
jets, is beſt intitled to the gratitude of his 
country. 

There are a few terms uſed in the courſe of 
this tranſlation that may require a ſhort expla- 
nation. A tem of demolition implies a ſyſtem 
of fortification, where the works are connected 
together by arches thrown over ditches, or in 
any ſimilar manner; and where the exterior 
work may be demoliſhed or taken poſſeſſion of 
by the enemy, and the communication de- 
ſtroyed, without the interior work being in the 
leaſt degree expoſed or weakened. In ſhort, 
it 1s an improved mode of making intrench- 
ments in the baſtion and ravelin and behind the 
curtain: its invention is attributed to Buſca of 
Milan, who, wrote in the beginning of the laſt 
century. 


In treating of mines, the word previfonal has 
been 
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been adopted; ſince thoſe works which the 
author terms branches of precaution, are not 
only intended as /;fteners, but to be alſo occa- 
fionally converted into galleries and chambers : 
they differ from the permanent works in not 
being made before the ſiege, whereas the per- 
manent ones are conſtrued previous to it. 
All foreign words have been as much as poſſi- 
ble rejected: why our language fo rich in 
other reſpects ſhould be fo poor in military 
terms, it is difficult to account for; unleſs it 
be from the abſurd vanity of ſhewing a know- 
ledge of foreign languages. Surely there is ſuffi- | 
cient ſtrength and copiouſneſs in the Engliſh lan- 
guage to expreſs our ideas; nor have we ſhewn - 
any backwardneſs in adoping new terms when 
neceſſary ; yet we ought to be careful of na- 
« turalizing uſeleſs foreigners to the injury of 
« the natives ;”* and rather form a word from 
our own ſtock than admit needleſs circumlocu- 
tion or foreign idiom. Dr. Johnſon left much 
to be done with reſpeCt to technical terms; but 
it is to be hoped that the Oxford Lexicographer 
will amply ſupply this deficiency; and not 
leave the military language a prey to every petty' 
innovator. A ſtandard of terms ſhould be 
ſettled : this can only be done under the autho- 
rity of ſome judicious compiler, who may 
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bas a lawful currency on ſterling words, 
and proſcribe thoſe that are unneceflary or im- 
proper. 

It cannot eſcape the intelligent readef, that | 
M. D' Antoni has adapted his directions for the 
conduct of officers, to the meridian of his own 
country : Turin has the Alps on one hand and 
the plains of Lombardy on the other; the greater 
part of the wars in which the Piedmonteſe have 
been engaged, have been in the Alps, the fron- 
tier towards France and Savoy; and ſome of 
their ſtrongeſt fortreſſes are expreſsly for the 
defence of the paſſes of the mountains: this 
will account for the frequent introduction of 
remarks on mountainous ſituations. 

A compariſon between the Engliſh and Sar- 
dinian artillery will prove that there are many 
points wherein our ſervice 1s better arranged, 
and many inſtances where we have the advan- 
tage of them in reſpect to mechaniſm and the 
making up of ſtores : but this will detract no- 
thing from the goodneſs of the general prin- 
ciples, nor invalidate in the ſmalleſt degree the 
juſtneſs of the author's obſervations. The dif- 
ference of the two ſervices in one reſpect is 
particularly ſtriking: with us, the engineers 
are accuſtomed to conſtruct the batteries, the 


artillery officer having little more to do than 
prepare 
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prepare the ſtores and fight the guns: in the 
Sardinian, and indeed, in moſt other ſervices 
on the continent, the artillery officer plans the 
batteries in conjunction with the. engineer, and 
conſtructs them himſelf: how far this method 
may be advantageous, it would be foreign to 
the preſent purpoſe to diſcuſs. Should it appear 
that M. D'Antoni brings the artillery officer 
too much to the fore ground of the picture, it 
ought to be recollected, that he profeſſes to 
regard artillery only, as one of the principal 
conditions in the conſtitution of an army; and 
perhaps fome little allowance may be made for 
predilection to a favorite ſervice. 

The tranſlator had at one time an intention 
of ſubjoining by way of note, remarks on the 
ſeveral concluſions drawn by the author in the 
courſe of this work; and comparing them with 
the received opinions of the Engliſh and French 
artilleriſts, and with the diſcoveries and im- 
provements made in the ſeveral branches of 
ſcience on which he treats: but beſide, that an 
ample diſcuſſion of theſe ſeveral points would 
have ſwelled into a voluminous commentary, 
it might have involved him in controverſies in 
which neither his time nor his inclination per- 
mitted him to engage. 

A ſecond plan was merely to give ſuch re- 
| marks 
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marks as necefſarily grew out of the ſubject: 
but this was abandoned, as imperfect; and the 
reader is left entirely to the ſuggeſtions of 
his own mind, with reſpect to the merits or 
demerits of the work. The tranſlator has only 
taken advantage of the different genius.of the 
language, to condenſe as much as poſſible, what 
he conceived to be, the meaning of the origi- 
nal; and has left the mathematical and alge- 
braical parts exactly as they ſtood, with the 
ſimple alteration of the weights and meaſures. 
To have ſhewn by notes, as was intended, the 
conſtruction of the theorems would have been 
an operation of great length; the mathematical 
reader is therefore referred to the Phyfico Me- 
chanical Inſtitutions. All the weights and 
meaſures are reduced to the Engliſh ſtandard: 
this, though a work of much labour, was 
deemed neceſſary; and indeed without it, a 
tranſlation would be very defective. The fame 
denomination is left to the guns to diſtinguiſh 
their ſeveral natures, as in the original; it 
being found that they correſponded to natures 
unuſed among us and to fractional parts: it 
was therefore apprehended that the moſt ſim- 
ple mode was to leave them as they were; the 
reader having only to recolle& that the 32 pr. 
correſponds to the 27 pr. Engliſh; the 16 pr. 
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to 134; the 8 pr. to 64; and the 4 pr. to 31. 
One alteration indeed was judged neceflary in 
ſpeaking of 'guns: they are divided by M. 
D'Antoni into two kinds; viz. heavy and light: 
but the term light when applied to guns of that 
length and weight appeared ſo inapplicable to 
our idea of light guns, that the tranſlator, has 
taken the liberty of uſing the term medium guns, 
being an expreſſion familiar to an Engliſh artil- 
leriſt: reſerving the term light for thoſe ſhort, 
light guns which M. D' Antoni propotes for 
ſallies, &c. 

Some difficulty occurred in fixing the vreciſe 
proportion between the Piedmonteſe and En- 
gliſh weights and meaſures. The Piedmonteſe 
artilleriſts uſe the Lyprand foot: now the 
length of the ſecond-pendulum at Turin being 
3; of this foot, and at London 39+ Engliſh 
inches; the foot Lyprand of 12 inches, making 
a very ſmall allowance for the difference of lati- 
tude, is equal to 20.23457 Engliſh inches. 


The accuracy of this proportion is confirmed 


by the ratio between the diameters of the Pied- 
monteſe and French ſhot, as laid down by M. 
D' Antoni. The French 24 pr. ſhot is equal, 
he ſays, in diameter to the Piedmonteſe 32 pr. 
and the French 24 pr. being knowu to be equal 
to the Engliſh 27 pr. the former proportion 
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anſwers very exactly for the diameters of the 
ſhot. Having thus eſtabliſhed the relative dia» 
meters of the ſhot, it was eaſy to determine 
their weight; and thence, the proportion be- 
tween, the Piedmonteſe and Engliſh pounds; 
which is as 100: *82, or the Piedmonteſe pound 
is 130z. 2 dr. Engliſh, It is true, that this 
differs from the common ratio eſtabliſhed in 
the tables of the weights of the ſeveral nations 
of Europe, but agrees with Ferguſon's table 
inſerted in his tracts; wherefore we may con- 
clude that in Piedmont, as in moſt other coun- 
tries, there are two weights. The relative 
numbers in the tables in the ſecond treatiſe are 
unaltered, as they would ſtill have borne the 
ſame proportion to each other; but the ranges 
and lines of deſcent are exprefled in Engliſh 
meaſure. 

In fine, the tranſlator truſts that this work 
will prove an uſeful addition to the ſoldiers 
library: with regard to the merit of the ori- 
ginal, he can only ſay in ſupport of his o- 
judgment, that it has been deemed worthy 
of tranſlation into the French language by offi» 
cers of high rank, The Treatiſe on Pow- 
der was tranſlated by M. le Viſcomte de Fla» 
Vigny: the Treatiſe on Fire-arms, by M. le 
Marquis de St. Auban, lieutenant general in 
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the French ſervice; who thought the evening 
of a life, during which he had made 17 cam» 
paigns, had been preſent at 38 battles or ſieges, 
and had ſerved 46 years, well and uſefully 
employed in giving to the officers of artillery, 
in which corps he had acquired great reputation, 
a work that he deemed excellent; the third 
treatiſe was tranſlated by M. le Chevalier de 
Mont-Rozard, lieutenant colonel of artillery, 
en officer of great merit and experience. Theſe 
concurring teſtimonies, joined to the opinions 
of ſome officers in our ſervice of great profeſ- 
ſional knowledge, induced the tranſlator to offer 
the following work to the public. He was 
well aware; that in the performance, two duties 
would neceſſarily be exacted from him; the one 
| he owed to the author, the ſecond to the pub- 
lic: by the former, he was bound to give the 
ienſe of the original with fidelity and accuracy; 
by the latter with perſpicuity and conciſeneſs. 
ow far theſe objects may have been fulfilled, 
left to the public to decide: to that tribunal 
h mits in the confidence, that if his abilities 
b auy means been equal to his zeal, the 
void. 1 be in his favour, 
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Or THE PROPERTIES OF CUN=-=POWDER. 


The properties and effects of Gun-powder can only be aſcer- 
tained by the means of Fire : let us, therefore, in the 5 
place, examine the nature of Fire itſelf; according to the 
doctrine of thaſe 1 who, by the cloſet inveſti- 
gation of its effects, have endeavoured to explore its prins 
ciples and cauſes. 


CHAP. I. 
Or Fire. 


"Far celebrated Henman BOEERHAA VH, whoſe opi- 
nions have been adopted by the moſt eminent ehemiſts, 
could only, after a long ſeries of experiments, diſcover a. 
few of the properties from which fire has derived its ſeveral 
denominations; according to the various modifications under 
which it preſents itſelf to our ſenſes, 

1. Pure fire is called fire, ſolar matter, light and heat: 
under this idea it is conceived to be a ſubſtance eſſentially 
fluid, compoſed of particles very ſubtle, and continually agi- 

A tated, 
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tated, though not always in the ſame degree. The learned 
Beccani has proved that it exiſts in all places, and in 
almoſt all bodies, without being able to decide hether it 
be a conſtituent and eſſential principle. A gentle friction 
of a globe of glaſs in the electrie machine, ſhews that 
every thing partakes of it; and two hard bodies rubbed 
violently together gradually grow warm, and at length emit 
ſparks and flame according to their ſeveral qualities. 
21. Fire, which ſeems to paſs from a fluid to a ſolid ſtate, 
and become à part of the body, as the inflammation of 
ſome bodies evidently ſhews, is called combuſtible matter, 
ſulphur, the ford of fire, and phlogi/ton. nas 
3. One of the diſtinct characters of fire, conſidered as 
ſolar matter, light, &c. (1.) is to eaſily penetrate bodies, 
by inſinuating itſelf into them equally, and expanding them 
ſo as to cauſe a disjunction of the component parts when in- 
troduced in quantity. But the facility with which fire effects 
this is different, according to the qualities of the bodies it 
enters: there are even ſome which, far from being dilated 
by the action of fire, are contracted; as wood, animal bo- 
dies, &c. 

4. Another character of fire is, to render ſubſtances lu- 
minous, either by means of the flame which breaks from 
them, or by their becoming red. 
- 5. Fire, conſidered as combuſtible matter, ſulphur, phlo- 
giſton, &c. (2.) cauſes no change in the body in which it 

ides, nor does it communicate to it either light or heat, 
unleſs it paſs from a quieſcent ſtate to ignited motion, or 
inflammation, 

6. The different effects of the firſt ſpecies of fire may be 
conſidered under three heads. 

1. In a determined ſpace. | 
2. As actually exiſting in a body. . 
'2. With regard to the manner and law in which it 
enters and expands bodies of different natures. 

7. Conſidering fire in a determined ſpace, we find that, 
as its quantity and velocity may vary, ſo alſo in the fame 
proportion will its activity and efficacy be different; as may 
be | obſerved in burning glaſſes, reſſecting teleſcopes, &c. 
The activity and efficacy of fire can only be aſcertained by 
the expanſion of bodies, and the disjunction of their parts; 
but hitherto the method of meaſuring exactly not only the 


quantity 


* 
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quantity and velocity of fire — but even its abſoluts | 


effects on bodies, are unknown be point to which a 
body entirely deprived of fire can be condenſed is equally 
undetermined with the firſt inſtant of iis expanſion. The 
condenſation of mercury, produced by à certain quan- 
tity of ſal ammoniac and ſnow mixed together, is, in the 


conſtruction of thermometers, the lowest point that. we 


know; while that, from experiments made in more northern 
climates, it is clear that mercury can be much more con- 
denſed. In the conſtruction of pyrometers, the point of the 
greateſt condenſation depends on the variable temperature 
of the atmoſphere. Thus theſe two inftruments ici. e only 
to ſhew, by their graduation, the difference of expanſion, 
according to the degree of fire that they - contain or are 
penetrated with, * 

8. The activity of fire conſidered as actually exiſting in 
a body, (6. Ne 2.) depends not only on the quantity and 
velocity: of the ignited matter, but alſo on the maſs of the 
body in which it exiſts. On attempting to reduce two fluids 
of unequal denſity to the ſame temperature, the moſt denſe 
requires the greateſt degree of heat: thus, when the activity 
and degree of fire which the two bodies contain ate pro- 
portional to their reſpective maſſes, they are equally hot. 
On touching two bodies of unequal denſity, reduced to the 
ſame temperature, the moſt denſe appears the hottest; be- 
cauſe the hand being in contact with a greater-number of 
particles in the denſer body, the ſenſation excited is propor- 
aig | gcc . Ded 11 le 

9. The manner and law (6. 22 under which fire 
penetrates bodies, is modified by the degree of; its activity, 
the time of application, and the ſuperficies, quality, and maſs, 
of the ſurrounding bodies; for ſhould any one of theſe 
circumſtances vary, a different modification will reſult. Put 


into the ſame fire two pieces of iron of the ſame quality, 


but of different ſizes, the ſmaller piece will become hot 
much ſooner than the larger one; and if the ſuriace of the 
larger piece be increaſed by flattening it with à hammer, 
it will become hot in leſs time. This diverſity af effects 
may be equally remarked on comparing a piece of iron with 
a ſtone, or any other body, put into the ſame tire, 

Theſe obſervations on the facility 'with- which fire inſi- 
nuates itſelf into bodies, * applicable to the 9 
X 2 with 


| 


— 
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with which it quits them, and A from its focus: for 
when the quantity of fire in any body is greater than in the 
atmoſphere or other ſurrounding bodies, it quits that body, 
and removes from it, ſpreading itſelt W all ſides; 

its activity diminiſhes in proportion to its diſtance from the 
body which it quitted, and its extenſion depends on its 
excels over the external fire, on the time of application, 
2 ſuperficies, quality, and maſs, of the ſurrounding bo- 
ies, 

10. Having thus examined the various circumſtances that 
tend to modify the effects of fire, let us now conſider / theſe 
modifications with reſpe&t to the ignition and deſtruction, 
of combuſtible bodies. Whether the ignited motion excited 
in a combuſtible body appears under the form of flame, or 
burning coal, it is always produced in two manners; either 
by applying to the combuſtible body a quantity of external fire, 
or by increaſing the motion of the fire that exiſts in it. 

11. From the facility with which combuſtible bodies take 
fire, they may be ranged in two claſſes. In the farſt may 
be placed ſpirits of wine rectified, ſulphur, &c. in which, by 
applying fire to any one part, it is communicated to the 
whole maſs, ſo as to produce a total deſtruction. Ia the 
ſecond claſs may be ranked coal, the greater part of vege- 
tables, &c. in which fire can be propagated only by a con- 
tinued application; by increafing the motion in the ignited 
parts; or by placing the bodies in ſuch a manner, that the 
fire, in eſcaping from the burning particles, may meet almoſt 
inſtantaneouſly thoſe not yet ignited. : | 

12. The degree of ignition varies according to the dif- 
ferent qualities of the bodies themſelves ; for a greater degree 
of fire is requiſite in proportion to the rarefaction of the 
ſurrounding air, or to the difficulty of removing from the, 
ignited body ſmoke or other ſubſtances which do not ſerve. 
as food to fire. In both theſe caſes, it is neceſſary either 
continually to apply freſh fire, or to increaſe the motion 
of that which already exiſts in the body, 

13. From theſe premiſes, it may be inferred, that fire 
admits of infinite diverſity in its effects, ariſing not only 
from the time of application, the ſuperficies, quality, and 
maſs, of the bodies to which it is applied, and which ſur- 
round it, but even from the modifications that enſue from 
the quantity and velocity of the ignited matter. 
14. Where- 
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14. Wherefore, the force of Se fired in muſ- 
quets, cannon, mortars, mines, &c. being in proportion to 
its inflatnmation, its effects muſt inevitably be modified by 
the quantity and the proportion of the ingredients, the tem- 
ture of the atmoſphere, and other circumſtances that will 
be hereafter pointed out. And ſince it is not in our power 
to determine evety point that affects its inflammation and 
total conſumption, we cannot be always certain of producing 
the ſame effects with the ſame quantity of powder fired from 
the ſame piece of ordnance. 


CHAP, "©. 


Or SULPHUR, SALTPETRE, AND CHARCOAL, 


15. Sor. eau is a ſubſtance compoſed of vitriolic . 
acid and a combuſtible matter. It is ranked in the claſs of 
minerals, becaufe it is extracted from the bowels of the 
earth, When expoſed to a moderate degree of heat, it 
liquefies, and ſublimes in little tufts called flowers of ſul- 
hure thus it is purified from heterogeneous ſubſtances by 
ſublimation, Lot 

16. The property of ſulphur is to take fire, inflame, and 
he entirely conſumed, when expoſed in the open air to a 
ſtronger fre than that which will liquefy it. It is made uſe 
of in the compoſition of gun-powder, becauſe the ignited 
motion is eafily propagated in it. e | 

17. The facility with which ſulphur takes fire and burns 
depends on the rarefaction of the ſurrounding air. To 
burn it in an exhauſted receiver, it requires a continued ap- 
plication of a much greater degree of heat than would 
inflame it in the open air: the receiver ſhould alfo be of a 
ſize proportioned to the quantity of ſulphur, leſt the con- 
denſation of the ſmoke prevent its total conſumption. (12. ) 
The only method of decompoſing ſulphur is by buruing; 
which deſtroys the combuſtible matter, and the vitriolic acid 
exhales in vapour. Py | 

18. Charcoal, uſed in the compoſition of gun-powder, is 
defined to be a body compoſed of à combuſlible matter, and 
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of the denſe earthy particles contained in vegetables." In 
making charcoal, the vegetables are burned in fuch a man- 
ner, that they do not inflame; and then the 'combultible 
matter unites” itſelf intimately with the moſt denſe earthy 
particles. Charcoal can only be decompoſed by fire; which, 
at the beginning of the ignition, ſeparates the combuſtible 
matter from the earthy particles ; which are then termed 
cinders. © | 

19. When charcoal is expoſed in the open air to a ſuffi- 
cient degree of fire, its property is to burn and be con- 
ſumed, It ſometimes emits a little blue flame ; but more 
frequently ſparkles, and becomes red, without emitting any 
flame, If, in this ſtate, it be agitated by the wind, it 
appears of a more lively and brilliant red in rtion to 
the force of the wind, and is ſooner repaid 124 einders. 
From this property it enters into the compoſition of gun- 

d 


er. 

18 Generally ſpeaking, charcoal appears red only when a 
greater degree of fire is applied to it than will burn ſulphur: 
the propagation of the ignited motion, and its total con- 
ſumption, are effected more flowly than in ſulphur. Theſe 
effects differ according to the quality of the charcoal: that 
which is the lighteſt, or which contains leaſt of the denſe 
earthy particles, takes fire and is conſumed the quickeſt. 

21. The more the air is rarefied, (12.) the more diffi- 
cultly charcoal burns, and the greater degree of fire is 
requiſite to keep it red-hot. | 

22. Saltpetre is formed from a combination of the nitrous 
acid with a fixed alkali. It is extracted principally from 
animal and vegetable ſubſtances, found in a putreſcent ſtate, 
mixed with ſtones, earths, and plaiſters; and is ſeparated 
from them dy boiling them in a water impregnated with 
a fixed alkali. The falt chryſtalizes in long filaments, lying 
the one upon the other. This is the only method of puri- 
fying ir; and muſt be repeated two or three times, accord- 
ing to the quantity of the heterogeneous matters. When, 

this proceſs, the ſaltpetre has been well purified, it has 
always the ſame properties, from whatſoever ſubſtances it 
may have been extracted. 

23. Its properties are, to diſſolve in water, more fully in 
boiling than in cold water; and to _— by a greater 
degree of heat than is required to liquefy ſulphur. If the 


heat be increafed-while the ſaltpetre is in fuſion, it ſublimes 
in 
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in viſible. particles; which, collecting together on the upper 
part of the veſſel, ate called flowers of nitre. To ſeparate 
the acid from the alkali, without putting the ſaltpetre in 
contact with a combuſtible body, it js neceffary to expoſe it 
a long time to a very ſtrong fire; and even then the decom- 
polition is brought about very ſlowly: . 

24. If a combuſtible body, containing a ſufficient degree 
of heat, touch ſaltpetre, a very fierce flame is excited at the 
point of contact, accompanied with detonation and a wind, 
which increaſes the activity of the fire, In this operation 
the acid is ſeparated from the alkali, and diflipated. The 
combuſtible body is inſtantly confumed, and the alkaline 
reſiduum is termed decompoſed or fixed nitre, 

25. This decompoſition of ſaltpetre takes place equally in 
the open air and in vacuo; provided that, in vacuo, the 
action of the fire be ſufficient to keep the combuſtible body 
(12.) in a ſtate of ignition. | 

26. Saltpetre may be decompoſed by fire in two ways. 

1. By coming in contact with an ignited combuſtible 
body when in a ſolid late, | 

2. Or by communicating, when in fuſion, the ignited 
motion to a combuſtible body in contact with it. 

27. In the firſt caſe, by applying burning charcoal, the 
decompoſition begins and continues till the ſaltpetre or the 
charcoal be entirely conſumed. To effect the deſtruction of 
both at the ſame time, the quantity of charcoal muſt be pro- 
portioned to the quantity of ſaltpetre. The better the ſub- 
ſtances are mixed together, the more immediate will be the 
contact between the ſeveral parts, and the ſooner will both 
be conſumed. * 1 . 

28. Burning ſulphur not being able of itſelf to decompoſe 
ſeltpetre, charcoal is added to it. Now charcoal of every 
kind, burns when expoſed a ſufficient time to the action of 
burning ſulphur; yet this takes place ſooner or Jater in pro- 
portion to the denſity of the charcoal, or to the quantity of 
denſe earthy particles; wherefore, that the fire produced 
from the ſulphur may be ſufficient to burn all the charcoal, 
the r of each muſt be exactly proportioned, and at- 
tention paid, at the ſame time, to the quality of the charcoal. 

When this proportion is determined, a quantity of ſalt- 
petre added, and the three ſubſtances well ground toge- 
ther, in order to render the inflammation more inſtanta- 
neous, even then the * vary; for if the ſaltpetre be 
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in too Freat a. quantity, the combuſtible particles. being 
ſep 


too far ſeparated, the fire applied to one part will not be able 
to ſpread: to the others; or the combuſtible particles, being 
in too ſmall a quantity, will be conſumed long before the 
ſaltpetre. If, on the contrary, the ſaltpetre be in too ſmall 
a quantity, it will be conſumed before the other two ingre- 
dients: wherefore, that the deſtruction of the three may 
wein and end at the ſame time, they muſt be mixed in a 
Juſt proportion. As ſoon as the ſaltpetre begins to be de- 
compoſed, the wind (24.) generated from it, renders the 
heat of the charcoal more intenſe, increaſes the activity of 
the fire, and acceletates the total deſtruction of the whole. 
a 5 7 
(os. This decompoſition of ſaltpetre, by the application of 
charcoal and ſulphur, is ſimilar to the proceſs that takes 
place when powder is burned in the open air, or in fire- 
arms. 
30. It requires a greater degree of heat to decompoſe 
2 in the ſecond manner (26. N* 2.) than in the 
firſt. | 


Fi. I. To the plate A B of the pneumatic machine, 
fix a thin thimble C, of beaten braſs, with the con- 
vexity downward ; put into it a mixture of ſaltpetre, 
ſulphur, and charcoal; and apply a red-hot iron con- 
cave in D, ſo that it may exactly admit the convexity 
of the thimble: in a ſhort time the mixture will ex- 
plode, and be entirely conſumed. Put again into the 
thimble an equal quantity of the ſame mixture, and 
place above the plate a glaſs receiver, from which pump 
out ſome of the air, then the red-hot iron being applied 

as before, the exploſion will not ſo ſoon take place. 

If the air be entirely exhauſted, the decompoſition of 
the ſaltpetre will not begin till both it and the fulphur 

' areliquetied, and fall into ebullition. 


31. To burn powder in vacuo, the ſecond method muſt 
be uſed; for it will not explode before it be reduced to a 
ſtate of liquefaction, and an ebullition enſues. 

32, On decompoſing ſaltpetre in either of theſe methods, 
if the. veſſel be ſuffered to cool, and a ſmall aperture be 
opened, an air will be inſtantly perceived to ruſh out, with 
a force proportioned to the quantity of faltpetre uſed in the 

bo. cx per ment, 
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experiment. This air proceeds from an elaſtic fluid gene- 
rated at the decompoſition of the nitre, and is eſſentially 
different from the ſmoke which, after a little time; fixes upon 
the inſide of the veſſel, and produces no effect. On the con- 
trary, the elaſtic fluid proves its force and effects after a 
conſiderable interval of time ; whence may be inferred, that 
it is a gn fluid, and in it conſiſts almoſt the whole 
force of gunpowder. It may be further obſerved, that this 
force is always increaſed by heat. | 
3- When the experiment is made in the firſt method, 
(2b. N*-1.) in a cloſe veſſel, with a quantity of ſulphur and 
charcoal ſufficient to decompoſe the nitre, if the veſſel be too 
ſmall, or a conſiderable time be requiſite to effect the decom - 
poſition, on account of the want of ſufficient proximity in 
the nitrous and combuſtible particles, the redundancy of the 
ſmoke incloſed in the veſſel will retard the operation, the 
combuſtible body will loſe its heat, and recourſe muſt be 
had to the ſecond method of continually applying freſh fire. 

34. The following experiment proves that the permanent 
elaſtic fluid proceeds from the ſaltpetre alone. Let a quan- 
tity of ſulphur and charcoal be burned in a cloſe veſſel, the 
veſſel be ſuffered to cool, and a hole be opened, no wind will 
be perceived to iſſue: from this and other experiments, it is 
clear that no permanent fluid is produced by burning toge- 
ther theſe two combuſtible bodies. The ſmoke; nevertheleſs, 
is elaſtic when hot; but ſo ſoon as it is deprived of heat, 
4t not only entirely loſes its elaſticity, but even abſorbs a por- 
tion of the common air, and a part of the permanent elaſtic 
fluid generated from the nitre, whenever this fluid mixes 
with the ſmoke; as will be ſnewu hereafter. 

35. From theſe experiments, and others that might be 
made on the ſame ſubject, the following properties may be 
deduced— | 
| 1. A certain degree of heat is requiſite to ſet fire to the 

combuſtible bodies, and decompoſe the nitre. 

2. The degree of heat muſt be mereaſed in propor- 
tion to the rarefaction of the ſurrounding wr, or to the 
denſity of the ſmoke, | 

3. The decompoſition of the nitre being always 
progreſſive, the more intimate the mixture, and the 
juſter the proportion of the combuſtible ingredients, 
the ſooner will it be effected. 10 
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4. In the decompoſition of ſaltpetre, an elaſtie fluid 
_— which is permanent for a conſiderable ſpace 


CHAP. III. 
Or Gvun-rowDeR. 


36. Go N- POWDER is compoſed of very light char- 
eoal, ſulphur, and well-refined ſaltpetre. Theſe materials are 
put into a wooden trough, where they are ground together, 
to render the contact of the nitrous and combuſtible particles 
intimate and equal throughout the whole maſs. | The mix- 
ture is 8 ſprinkled with water, to form an amal- 

„which is afterwards granulated, and prevent the finer 
particles of the ſulphur and charcoal from flying of, which 
would neceſſarily alter the proportion of the compoſition. 
The powder-makers employ more or leſs time in the ope- 


ration of grinding, in proportion to the quantity of ſaltpetre. 


When they conceive that the ingredients are properly mixed 
—— form from the paſte thoſe little grains which, 
being dried, obtain the name of gunpowder, 
37. There ſeems ta be nothing in the fabric of gun- 
that can alter any of the properties of the conſtituent 
parts, taken either individually or collectively. (35. The 
of having a combuſtible body capable of producing, 
the total and inſtantaneous decompoſition of the nitre, makes 
and charcoal requiſite ingredients: ſulphur, becauſe 
+ eaſily takes fire, and propagates the inflammation, though 
Ihe heat it produces is not ſufficient to decompole the nitre : 
charcoal, becauſe its inflammation, as well as the propa- 
gation of fire into all its parts, being ſlower, it acquires, when 
x hecomes red-hot, a ſtronger degree of heat than the ſulphur, 
and is therefore more capable of producing the entire decom- 
pos tion of the nitre. Therefore, from their combination 
with a proper proportion of nitre, the moſt inſtantancous. 
exploſion may be expected; but if the quantity of nitre be 


100 great, the fire communicating to the combultible par- 


ticks with ſa much the more difficulty as the exceſs is the 
greater, may produce no effects. = 
If to a compoſition of 14 parts of ſaltpetre, 1 of fulphur, 
and 1 of charcoal, à burning coal be applied, thoſe pars 
on 
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only of the mixture in contact with the coal will burn, the 
flame not being able to communicate itſelf to the other parts. 
If, on the contrary, the nitre be in too ſmall a quantity, on 
applying fire to one part, the flame which breaks out at its 
decompoſition is too weak to ſpread itſelf to the others, 
owing to the great diſtance of the nitrous particles: the de- 
ſtruction of the whole, therefore, requires a much longer 
time; and the quantity of permanent elaſtic fluid, on 
which depends the greateſt force of the powder, is leſs ; as 
may be proved by burning a mixture of equal parts of ſul- 
phur, charcoal, and faltpetre. | K 

8. That proportion which will moſt readily produce the 
deſtruRion of all the compoſition, and yield the greateſt poſſible 
quantity of the permanent elaſtic fluid in a given time, ought 
to be found put, and will conſtitute powder of the beſt-qua- 
lity : it evidently appears, from the above experiments, to lie 
between the quantities there made uſe of. 

39. In the firſt years that ſucceeded to the diſcovery of 
gun-powder in Europe, the proportion of the conſtituent 
parts, and the ſize of the grains, varied very much; which 
gave riſe to the ſeveral denominations it has obtained. Ar 
the beginning of this century, theſe proportions and ſizes 
were almoſt every where reduced to three; and at preſent, 

throughout all Europe, only one kind is uſed for military pur- 

ſes. 8 
As it will be ſhewn in this treatiſe that the properties of 
powder are modified by the qualities of the ingredients and 
the fize of the grains, to ſave repeated deſcriptions of the 
different kinds of powder that may come under our inveſti- 
gation, we will ſubjoin a genera} account of them, according 
to the various denominations that they are commonly known 
by; with this obſervation, that whatever may be advanced 
concerning the modifications of one kind of powder is appli · 
cable to al, others. | „ te 99945; 

40. Powder compoſed of 5 parts of ſaltpetre, 1 of char - 
coal, and 1 of ſulphur, and granulated ſo as to enter with 
eaſe into the vents of new muſquets, is called muſquet poty- 
der; when the grains are three or four times larger, it is 
called cannon powder. Powder compoſed of 6 parts of falt- 
petre, 1 of charcoal, and 1 of ſulphur, the grains of which 
are of the ſame ſize as muſquet powder, is called commer war 
powder ; and obtains the name of fine wer powder when the 
grains are about half that ſize, Powder made with the ſame 


proportion, 


. 
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proportion, and with grains of the ſame ſize, as the fine war 

„but with a leſs denſe charcoal, is uſed by ſportſmen 
in ſhooting game. When compoſed of 7 parts of faltpetre, 
1 of charcoal, and 1 of ſulphur, and granulated as the fine 
war powder, it is called fire-work, or rejoicing petuder. 

41. We will now proceed to prove, that fired powder 
preſerves conſtantly the properties remarked in the combi- 
nation of its ingredients; (35.) modified, nevertheleſs, b 
the exactneſs of the mixture, the ſize of the grains, an 
other cireumſtances that wil} be pointed out. 

42. All degrees of heat are not ſufficient to fire powder 
for if it be only ſufficient to inflame ſulphur, the effects before 
mentioned (28, 35. N* 1.) will reſult, as may be proved 
by throwing ſe grains of powder near hot coals. The 
burning of the grains contiguous to the coals will be fo in- 
ftantancous, as not to be diſtinguiſhable from the inflam- 
mation of the ſulphur; but the grains at a little diſtance 
from the coals will emit, after ſome time, a ſmall, blue, 
lambent flame, which at length becomes brighter; the in- 
tenſeneſs of the fire increaſes, and the gradual deſtruction 
of the ſaltpetre is clearly diſcernible; ſome of the grains 
are conſumed, while in others the bluc flame difappears 
without producing their deſtruction: at length the more 
diſtant grains become warm, without emitting any flame, 
or being conſumed. This may be exemplitied by putting 
fome large grains of powder on an iron plate, which may 
be put near to, or. drawn back from the fire, in order to 
give it different degrees of heat; or by directing upon them 
the ſolar rays, united by means of a convex glaſs, as dif- 
ferett degrees of heat may be produced by augmenting or 
dimmiſhing the circle formed by the re-union of the rays. 

43. Theſe experiments prove that powder, like other 
combuſtible bodies, may become hot or inflamed, without 
berng in the ſame inſtant conſumed, It is neceſmry, there- 
fore, to diſtinguiſh between the inflammation and the final 
deſtruction of each grain: for fire, when applied to two 
grains of different ſizes, does not always cauſe any ſenfible 
difference in their deſtruction; yet there is a great difference 
in the force of two equal quantities of powder, made with 
the fame proportion of ingredients, of the ſame quality, 
but differently granulated, as is ſeen on comparing can- 
non and muſquet powder. 

e 44+ The 
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44. The following experiment will prove that the degree 
of heat to  tirg, powder ſhould be greater in proportion to 
the rarefaction af the ſurrounding air, or to the denſity of 
the ſmoke, (35. Na.) 4 


PLATE I. 'Frc. II. To the plate A B of the pneu- 
matic machine, let a thin thimble C of beaten braſs, be 
joined, with the 3 upwards. Let the iron M 
exactly fill the concavity D; and a moveable ring, F G, 
be fitted round the thimble, ſo that on covering the con- 
vexity C with powder, part oy fall on it. Then if 
M, made red-hot, be introduced into D, when F C G 
is covered with powder, in the open air, the powder will 
inſtantly explode; but if a glaſs receiver be placed upon the 
plate A B, and in part exhauſted, and the hot iron be ap- 
plied, the exploſjon of the powder on C will not be fo 
ſudden as before, and part of that on FG will remain 
unaffected by the heat, in proportion to the quantity of 
air left in the receiver. When the air is quite exhauſted, . 
the powder upon the convexity C will hquefy before it 
takes fire, after having emitted ſeveral ebullitions; then 
explode at once, and cover with its flame the powder 
upon FG: this will, nevertheleſs, not liquefy ; and a part 
of.it will remain upon the ring and plate, where it has been 
puſhed by the blaſt. Ni xl, th 


45. This proves that the powder upon the ring, being in 

a very rarefied medium, does not burn, though ſurrounded 
by the flame of the fired powder. In this caſe, the fired 

powder ſpreading itſelf on all ſides in the receiver, which 
is much larger than the ſpace occupied by the powder, tlie 
grains that remain unfired are only furrounded by à part o 
the flame, If the receiver were filled with powdery the fire 
incloſed in a ſmaller ſpace would be more intenſe, but the 
quantity of fired powder would be proportioned to the 
rarefaction of the atmoſpheric air contained between the 
grains, (FIG. III.) ABC is a funnel of bronze/or iron, 

of which the part C C is. made to ſcrew on to VV 'of a re- 
ceiver of beaten copper V X Z, containing about 70 cubic 
inches. The part D F of the funnel, which is to contain 
the powder for the experiment, may be diminiſhed at plea - 
ſure, by means of the rings G, of exact calibre, and of dit- 
ferent lengths, to be applied to the part F of the ſpace D F. 


A HT is a canal conical from A to H, and cylindrical _ 
to 
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H to I; ſhorter than the funnel A B C by half a diameter 
DD. The part K L of the iron rod K LM, fits the co- 
nical part A H fo exactly, that no air can paſs: the cylin- 
drical part is a little longer than H I. The capital NNO 
of braſs, of which the aperture O O is leſs than D D, can 
be faſtened by the pas NN to BB. Wl 

Let the ſpace D F be ſo diminiſhed by the ring G, that the 
remaining part D P be entirely filled with the powder uſed in 
the experiment; and let the powder be retained by a hog's 
bladder tied faſt to the thread of the ſcrew B B. The fun- 
nel, thus charged, is ſcrewed into V V of the receiver, 
placed upon the baſe X Z, which keeps the funnel perpen- 

dicular. Then if the iron rod be made red-hot, and preſſed 
forcibly into the farnel, the point M coming below the bot- 
tom of the funne! I, without touching the bladder, will 
nevertheleſs ſet fire to the powder, and the bladder will 
burſt. If this experiment be made with 24 grains of can- 
non powder, when the receiver is placed ſo that the lower 
aperture X Z. fits a large tub or other veſſel, no unfired 
grains of powder will be found; but if the receiver be placed 
upon the plate of the pneumatic machine, and the air be 
Half exhauſted, or + of the grains will be found unfired 
upon the plate the exploſion; and if the receiver be ex- 
. Z or 5 of the grains will be found untouched by the 


In theſe three modifications of the air in the receiver, the 
funnel is always charged in the fame manner, and with the 
fame-quantity of powder; and the bladder tied faſt in B B 
entirely prevents any communication between the receiver 
and the part D'P'of the funnel; ſo that when the receiver is 
exhauſted, no change takes place in the part of the funnel 
that communicates ' with the external air by means of the 
little canal A HI; and conſequently, when the rod is intro- 
duced into the canal, the powder incloſed in the funnel, and 
the air contained between the grains, remain in the ſame 
ſtate; whatever alteration be made in the air of the receiver ; 
wherefore, the bladder burſting at the beginning of the in- 
ſtammation of the powder, the air which is between the 
grains in DP, ſpreads itſelf into the receiver; and in pro- 
portion as it becomes more rarefied, leſs powder is fired. 
In each of theſe three different ſtates of the ait in the re- 
ceiver, it may be obſerved, that the inſides D P of the * 
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bronzed by the flame of the powder. | 
22 — R, that which is placed pe no a 


cannot fall upon the plate without paſſing acroſs the flame of 
the burning powder in R; fo that, in this experiment, the 
fire being incloſed in a ſmaller ſpace, is more active than 
in the former one; (44.) yet all the powder is not 
fired, becauſe the air, on the bladder's burſting, is too 
rare fied. 

46. But to deſtroy all doubt of this property of gun 
let the funnel be charged as before, the capital N Io ſcrewed 
on to B B, and a wad put at the aperture O to retain the 
powder,: then, if the bladder be tied faſt in q q, and the re- 
ceiver be exhauſted, the quantity of fired powder will always 
be greater in proportion as the hole O is narrower ; and if it 
be nearly of the ſame ſize as the hole I of the little, canal 
A HI, all the powder in DP will be conſumed. In the 
preceding experiment, (45.) it was found, that when the 
air had been entirely exhauſted from the receiver, only + or 
g of the. powder took fire, and that a great part of the flame 

read itſelf into the receiver when the bladder burſt ; while 
that the remaining part expanded itſelf in DP, which it 
bronzed, On the contrary, in this experiment, where the 
aperture O O is narrower than D P, as neither the air con- 
tained between the grains, nor the flame, is able to paſs 
with the ſame facility into the receiver, they remain in much 
2 uantity in D P; the fire is ore more intenſe, 
uently a greater quantity of powder is conſumed 3 
— all the powder will be fired when O O is reduced to 
the ſize of I, The ſame effects take place with all kinds of 
powder, ( 40.) the only difference being | in the quantity that 
remains unfi 

47. It is then aſcertained (4, 45, 46.) that, in den to 
fire — the heat ſhould be in proportion to the rare- 
faction of the ſurrounding air, and that it is inereaſed by 
preventing the expanſion of the flame. It remains now to 
be proved, that the degree of heat muſt be hkewile: e * 
proportion to the denſity of the ſmoke. 

It has fallen within the obſervation of ev aniillerif, 
that when ſhells fink into Riff earth with the fuſes down- 
ward, the ſmoke. finding no paſſage, the fire is extinguiſhed, 
and the ſhell does not - burſt ; but if they fall into water, the 
ſmoke mixing with the water, the fire continues till the pow- 
der in the ſheil explodes. Fuſes are generally filled with a 


mixture 


s 


* 
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mixture ot mealed powder, ſulphur, and faltpetre. Let to 
or three fuſes, of the ſame ſize, be filled with compoſition 
of different degrees of ſtrength; after being ſet on fire, let 
them be buried in earth equally ſtiff, or covered in any other 
manner, ſo as to prevent the eſcape of the ſmoke; it will be 
found, on taking them out after ſome minutes, that the 
quantity of compoſition which is conſumed is in proportion 
to its ſtrength; ſince the denſity of the ſmoke was the ſame, 
as the ground was equally ſolid. Hence, it is evident, that 
the greater the force of the fire, the greater is the conſump- 
tion of the compoſition. Care ſhould be taken not to make 
it ſo ſtrong as to burſt the fuſes. | | 
48. Having aſcertained thoſe two properties, it remains to 
demonſtrate, that when fire is applied to grains of powder, 
the inflammation of the contiguous grains, and the deſtrue- 
tion of each individual grain, takes place progreſfively; 
(35. N* 3.) and that the velocity with which fire ſpreads' 
itſelf on all ſides to inflame the contiguous grains, is greater 
than that with which it penetrates into the ſubſtance of each 
grain. It is too obvious to need inſiſting on, that all mo- 
tion, however rapid or ſhort it may be, takes up a certain 
time; though to us, from the ſhortneſs of its duration, it 
appears inſtantaneous: conſequently, the inflammation and 
entire deſtruction of powder produced by the action of fire, 
communicating itſelf to every thing around, like rays from a 
centre, muſt neceſſarily take place in a determined ſpace of 
time; which varies according to the ſtrength of the fire, the 
proportion of the ingredients, the nicety of the mixture, 
and the ſize of the grains. 1 
When a ſufficient degree of fire is applied to one grain of 
powder, it firſt acts upon the ſurface, and then penetrates 
towards the centre. (43.) As the ſurface burns, a flame is 
excited which catches the neareſt grains; if the degree of 
heat be ſufficient, and the ſurrounding air not too much 
rarefied. In the mean time, the fire which attacked the firſt 
grain, continues its action towards the centre till it be totally 
conſumed, There are then two diftint actions in the in- 
flammation and the total conſumption of powder : the firft is 
the expanſion of the inflamed fluid; which, ſpreading itſelf 
from the ſurface of the burning grains, ſurrounds the conti- 
guous ones: the ſecond is the penetration of the fire from the 
furface of each grain towards its centre. But the flame al- 
ways ſpreads with more rapidity between the inter vals of — 
| — ; = other 
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other grains, than it penetrates towards the centre of each 
iu. | : n 
. The following obſervation will prove that a deter. 
mined time is requifire for the conſumption of each grain. 
Make, of the common mixture, ſome grains of powder as 
large as piſtol bullets ; dry, and ſet fire to them: it will then 
be ſeen that the fire penetrates from the ſurface to the centre, 
in a longer or a ſhorter ſpace of time according to the ſize 
of the grains; ſo that if there be no difference between 
theſe large grains and common ones than in fize, it may be 
inferred, from analogy, that the ſmalleſt muſt require a cer- 
tain ſpace of time, however ſhort. | It is likewiſe clear, that 
the flame, in ſpreading itſelf from the burning grains to the 
contiguous ones, takes up a certain ſpace of time; as may 
be exemplified by ſetting fire to a train of powder, "me 
50. An experiment will prove, that the action of fire is 
alſo progreſſive when applied to powder confined in a 
veſſel; where the burning fluid being more denſe, is alſo 
more active than when powder is burned in the open air. 
(Fig, III.) To the funnel charged as before, (45.) let 
the capital N O be faſtened, with the aperture O o fuch 
a ſize, that the receiver being exhauſted, only + or + of the 
powder contained in the funnel may take fire. Introduce the 
red-hot rod, and leave it to cool; then admit by degrees the 
air into the receiver, and looſen carefully the capital from the 
funnel. If proper attention has been paid in this proceſs, it 
will be ſeen | | 
1. That nothing touches the point M of the rod; as 
the powder being burnt all around, leaves à cavity 
nearly ſpherical. uu 
2. That each of the grains which form the ſides of 
the cavity are burnt a little towards the concave fide; as 
may be G dinguiſhedd by the fixed nitre, and the ſmooth 
ſurface of each grain. gun 
3. That the grains which are between the interior ſur- 
face of the funnel and thoſe which form the ſides of the 
cavity, are whitened by the flame of the ſulphur, and 
that the ſides of the funnel are bronzed. Ble 
It is then proved, that the fire both ſpreads itſelf between 
the intervals of the other grains, and penetrates from the 
ſurface to the centre of each grain progreſſively, © - 
$1. But it is not ſufficient to haye proved that the burn- 
10g of each grain, and the inflammation of the contiguous 
ones, are progreſſive; it is neceſſary further to ſhew, that the 
"72 B activity 
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activity with which fire ſpreads itſelf between the interſtices 
of the grains, is greater than that with which it penetrates 
from the ſurface toward the centre of each grain, if we con- 
nder that the inflamed fluid, in paſſing between the grains, 
meets no other reſiſtance than the common air, which is 
eafily penetrated, by reaſon of its rarefaction; and that the 
faire, in inſinuating itſelf from the ſurface toward the centre 
of the grain, muſt paſs through a. ſubſtance much more 
denſe ; it is evident, that the reſiſtance in the ſecond caſe 
being greater than in the firſt, the fire muſt conſequently be 
flower 1n its progreſs. . 
The following experiment will ſerve in proof of this aſ- 
ſertion. Let à piſtol barrel, with the vent cloſed up, be 
filled with powder to the muzzle : on applying fire to it, 
the barrel will inſtantly empty itſelf, with an exploſion, 
Let it be again filled with powder well compreſſed, ſo that 
the interſtices between the grains may be as ſmall as poſſible, 
and form, as it were, a ſolid body; the time that the barrel 
will take to empty itſelf will be ſenſibly longer than before. 
The great velocity with which the inflamed fluid paſſes 
from the muzzle to the breech of the piſtol barrel, between 
the interſtices of the grains, is obſervable in the firſt expe- 
riment; and, in the ſecond, it is ſeen how much this velo- 
eity, — 3 the neceſſity of penetrating the powder itſelf, is 
retarded. = ap 
52. From the three preceding paragraphs, the following 
principles are deducible. 
I. That in burning two equal quantities of powder, 
made of the fame compoſition, but differently granu- 
lated, as cannon and muſquet powder, the latter will 
de conſumed in lefs time than the former; becauſe the 
we) — being ſmaller, (40.) preſent to the fire à greater 
a perficies, and produce, at the firſt inſtant, the in- 
© flammation of a greater quantity of matter; which is 
- confumed ſo much the ſooner, as the fire has leſs fpace to 
pats through from the ſurface to the centre of each grain. 
2. That this depends not only upon the ſize of the 
grains, but alſo upon the facility with which the fire 
ſſes between them. On the other hand, the grains 
d not be too ſmall ; for then the interſtices will 
be ſo diminiſhed, as to admit the flame to paſs with 
difficulty; and they will be ſo compact, as to form, 
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53. The grains of powder are generally of à very. i 
form and uneven ſurfaces whence ariſe. many paxieties in 
the quickneſs, of its_ inflammation and 5 „ILote- 
medy theſe inconveniencies, ſome manufacturers put the 
powder into a harrel ſuſpended by two pivotg; ang having 
turned it for ſome time, ſeparate, by means of a, {creen, /t 
duſt from the grains; which are, by thi operation, ſutfy 
ciently ſmoothed and rounded, On comparing pow 
made in this manner with powder of an irregulax form a 
uneven ſurface, the latter is found to take fire more qui 
though the proportion of ingredients be preciſely he — | 
both. Nevertheleſs, as the interſtices between the . ray 
ins are larger than between grains of an irregular 

— as upon them the quickneſs of the £ bei —— 
depends, the round grains may be ſo ſmall, that the interſtice 
being equal in both, the fire may be able to ſpread 55 
equally, and conſume the powder with the ſame rapidity; 
and as powder of an irregular grain takes fire mgre e 
than ſmooth-grained powder, a proportional ſize might 
fixed on which would cauſe the latter to inflame with greater, 
or at leaſt equal promptitude. _ | 

As theſe properties are common to all kinds of pow- 
der (40.) that are well made, of proper materials, a 
equally dried, varieties in their effects can only reſult from 
the different proportion of the ingredients, the ſiae of the 
grains, their figure, and ſmooth or uneven ſurface. If the 
ingredients, however good in quality, are not well mi 
together, the powder will not ſo readily burn, and the dif- 
ference of the effects will be very ſenſible. 

55. The following experiment will prove, that from fired 
powder a permanent elaſtic fluid (35. No 4.) is prodyced in 
great quantity, upon which, depends its principal. force. 
(Fic. IV.) AB CZ is a hollow cylinder of, bronze, with 
a ſcrew at B C to receive DEF. GC is a ke ta open 
or ſhut the communication between the parts of. * funnel 
HH. To the ſpiral F F, fix the i x M M, to receive 
the elaſtic fluid generated in the cavity B P; and ſcrew D E 
into B C. Put the powder into the cavity; and ſcrew. I K L, 
made of bronze, into A P. L is the vent; naa ſmall 
moyeable plate of iron, to which is faſtened a fuſę ap, and 
Joined to the pin K, &c.  q 7 is a ſmooth bar of iron, made 
to ſlide in a groove by the ſpring V, which, heeps it in the 
polition , when not 5 held back; and cloſing the 
vent, totally prevents the pa age of the air; fo that, _ 
2 | 
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the ſeveral parts are properly adjuſted, and the bar of iron g r 
is in the poſition t s, the elaſtic fluid incloſed in the cavit 
B P, though very much condenſed, cannot eſcape. Q. 
ate pivots, or trunnions, to ſupport the machine. | 
In this experiment the machine muſt be placed vertically, 
that the powder contained in the ſpace B P may reſt on B x ; 
the little funnel H + having been previouſly filled with hog's 
lard, that the powder, when fired, may not act immediately 
on the key G G, and prevent it from being drawn out. By 
means of a thread of ſilk, faſtened with two little nails at 
the hole m, the iron reis held back, the fuſe is charged 
with powder, and the vent LM primed. Then I K is 
ſcrewed into A P, and fire applied at L; which, communi- 
eating by m, ſets fire to the fuſe in e; and burning, at the 
fame time, the thread of ſilk, fets at liberty the iron 97; 
which, preſſed by the ſpring V y, ſlides into sz, and cloſes 
the hole m. The fuſe burns from » to p, and ſets fire to the 
powder in B X: the vent being cloſed in m and, for greater 
certainty, a little ſcrew introduced into L. 
(Fic. V.) When it is judged that.the powder in B X is 
fred, which can only be known by the heat of the cylinder 
AB CZ, as no motion can be perceived, let a bullet be put 
into the air-gun, and the machine be pointed againſt a plank, 
by means of the ſemicircle of iron B B, which can be 1 5 
by C in any direction; then giving a half turn to the key 
GG, chat the cavity BP may communicate with the bore 
of the air-gun, on touching the trigger A the bullet is diſ- 
charged with velocity, and impinges on the plank with the 
lame force as would have been produced by a very great con- 
denſation of air. 
be cavity BP will contain ten ounces of powder, but 
with one ound only, ſixteen or eighteen bullets may be diſ- 
charged ſueceſſively, and at the diſtance of forty paces, each 
bullet will paſs. through a fir plank half of an inch thick. 
---After! theſe diſcharges, if the key G G be turned as it was at 
irſt, the air-gun be unſcrewed, a large bladder faſtened in 
its place, and the key again turned, the bladder will be filled 
+ with an inviſible fluid; which, being cloſe tied up for ſeveral 
days, will not ſenſibly diminiſh in bulk. In the coldeſt wea- 
ther it is equally elaſtic ; ſo that, conſidered relatively to its 
elaſticity, it may be compared to the atmoſpheric air. Un- 
ſctewing K I, the inſide B PX will be found covered with 
 faline partieles; which, collected and examined, form a Gxed 
"113.1 al l 
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alkali that eaſily attracts moiſture, and falls in deligurzm when 
expoſed to an air abounding in vapour. 

56. Since the fluid generated at the burning of pawder 

reſerves its elaſticity for a long time, it follows, that at the 
inſtant of exploſion. its elaſtic force muſt be the greateſt. 
In proof of this, let a barometer be fixed to the pneumatic 
machine; and, having exhauſted the receiver, apply fire to 
the thimble. (FiG. I.) At the inſtant of exploſion, the 
mercurial gage deſcends rapidly, then riſes; and, after fome 
undulations, ſeems to fix, for a time, below the point where 
it was before the exploſion. This apparent fixation ſhews 
that the elaſtic fluid is reduced to the temperature of the air; 
and the finking of the mercury, in the beginning of the ex- 
periment, proves that the force of this fluid is much 
at the inſtant of the exploſion than afterwards. If, inſtead-of 
burning the powder in vacuo, it be fired in the open air, the 
elaſticity of the fluid will be greater during the application of 
fire than when its effects totally ceaſe, ec 

57. From theſe premiſes (32, 34.) it may be inferred, 
that thequantity of the permanent fluid is always in proportion 
to the quantity of nitre contained in the powder, ſince it 
alone produces the fluid ; as ſulphur ang charcoal, when 
burned, produce none. Other experiments might be made 
ta confirm this, by burning different quantities of powder, of 
the ſame or different qualities, under the receiver of -the 
pneumatic machine ; exhauſting the air to the ſame degree 
in each experiment, and obſerving the apparent fixed point of 
the mercurial gage: it would then be ſeen that it ſenſibly 
falls or riſes in proportion to the ſaltpetre contained in the 
different quantities of powder, 125) (38 

58. Though the penetration of the bullet into the plank, 
and the apparent fixed point of the mercurial gage, (55, 
be the effects of the permanent fluid generat 
ſaltpetre, yet they * not to be attributed ſolely to that; 
as the ſmoke and-the common air contained in and” between 
the grains of powder, are alſo rarefied by the action of the 
fire, | Bis sl 

59: From all experiments hitherto made upon ſmoke, it 
is found to be elaſtic while hot; wherefore it is reaſonable to 
conclude, that the ſmoke produced at the exploſion is one of 
the cauſes that concur to give it force: but when cold, it not 
only ceaſes to be elaſtic, but even abſorbs a portion of the 


permanent fluid, It is ä at the exploſion, by ſepa- 
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rating the ſmoke from the elaſtic fluid, to determine the ab- 
ſolute force of each; yet it may be ſafely inferred, that the 
greater paſt of it depends upon the permanent fluid. 

69, . The-common air is within and between the 
2 contributes likewiſe, by its expanſion, to the force of 
the powder when fired. Its abſolute force might be eaſil 
determined; but is very ſmall, in compariſon of the elaſ- 
ticity of the permanent fluid generated from powder. 

61. Thus, the diminution of the ranges of fire-arms, when 
heated by frequent diſcharges, or when the air of the atmoſ- 
phere is more rarefied, ought not to be attributed to leſs 
ela ticity in the air, but rather to the ſecond property of 
25 where, being fired in a rarer medium, leſs takes 

re though the ſame quantity be uſed ; and hence the range 
is ſhortened, as will hereafter be more clearly proved. 

62. For the ſame reaſon, the increaſe of force obtained 
by triturating powder for a long time, and the force which 
damaged powder reſumes after having undergone a freſh 
proceis, proceed not, as ſome think, from the greater quan- 
rity of air compreſſed into the ſubſtance of the powder, but 
fimply from a more exact mixture of the ingredients, whence 
they more eaſily vid generally take fire. 

63. In jlluſtration of this remark, it is ſufficient to ob- 
ſerv-, that the beſt manufactured powder is liable to be da- 
1 BY by exceſſive heat or moiſture. The powder-makers, 
in drying. poxder, take care to ſtir it frequently, and ſuffer it 
to cool before they put it into the barrels; as they pretend 
that it ferments when very hot: and in fact, if, when much 
heated, it be cloſed up in a barrel for ſome hours, and after- 
wards poured gently upon a cloth, a great part of the gramms, 
Se thoſe towards the middle of the barrel, will be 
caked together ; on examining them carefully, it will be 
found to be owing to the great heat, which having liquefied 
the ſulphur," it glües the grains together when cold: but this 
meyer happens if the powder be allowed to cool before it is 
put into the barrel. A partial or total liquefaction of the 
ſulphur is always prejudicial to the inflammation and quick 
deſtruction of the powder, { 27, 28.) as it deſtroys the exact 
mixture of the ingredients, which can be only recovered by 
ſybjeFin$ it to a freſh proceſs, Ik the heat be not ſufficient 
to tr y the fülphur, a large quantity of duft, confifting 
principally of Tulphur and charcoal, will be found im Barrels 
of powder that have been long manufactured and Expoſed to 
Ip. The powder from which this duſt is detached 1 
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be altered in quality; and while the interior of the grains, 
from which is folour and charcoal are fallem off, continue in 
the ſame ſtate they were in when made, the exterior will have 
loſt the greater part of the fubſtances neceſſary to facilitate the 
inflammation. Thus, on applying fire to rheſe grains, the 
ſurface burns ſlowly till the fire penetrates the interior, and 
meets a ſufficient quantity of ſulphur and charcoal; the 
powder muſt therefore have become weaker. Now, if the 
powder, thus reduced in ſtrength, be manufactured 

the grains will become homogeneous both internally and ex- 
ternally; but, owing to the diminution of the quantity of 
ſulphur and charcoal, they will be altered in quality, fince 
the ſaltpetre will be in greater proportion than either of the 
other two ingredients; ſo that if, before the powder be- 
came damp, it was not very ſtrong, it will now have become 
much ſtronger; but, on the contrary, if it was as ſtrong as 
poſſible before, and the ingredients ( 38.) well-proportioned 
and intimately mixed together, it will m this new operation 
have loſt part of its ſtrength. Hence it may be inferred, that 
grinding ſerves only to mix the ingredients together ; and that 
when there is a perfect contact between the nitrous and com- 
buſtible particles, it is uſeleſs any longer to continue the 
operation. 

64. Powder, however well dried and fabricated it may 
have been, loſes its ſtrength when allowed to become damp. 
If daily obſervations on powder, put into damp magazines, 
and carefully preſerved in barrels, are not ſufficient to eſta- 
bliſh this fact, the following experiment will render it incon- 
tenable. | 

Let a quantity of well-dried powder be nicely weighed, 
and put into a cloſe room, where the air is temperate, and 
ſeemingly dry, and be left for three or four hours; on weigh- 
ing it again, its weight will be increaſed. This ſame pow- 
der, expoſed to. an air loaded with vapour, acquires much 
additional weight in a ſhort time, Now 9 9 of the 
weight bein rtional to the quan vapoar con- 
tained in the — and to the length of time that 
the powder is expoſed to it; it follows, that powder ealily 
attracts moiſture. | 88 

65. Wherefore, if a degree of heat, ſufficient only to fire 
dry powder be applied to powder that is damp, the moiſture 
will oppoſe the action of the fire, and the grains either will 
not take fire at all, or their inflammation will be ſlower: 
thus, as the fire will ſpread more ſlowly, fewer grains will 

| | F. * lg” 
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burn ; and the penetration of the fire from the ſurface to the 
centre of each grain, and conſequently their conſumption, 
will require more time. Whence it may be concluded, that 

- all degrees of moiſture diminiſh the force of powder, Salt- 
petre, not ſufficiently refined, attracts moiſture very readily ; 
and as the ſubſtances that render it impure leſſen the quan- 
tity of fluid, and prevent its detonation, it ſhould be 
refined as much as poſſible before it is employed in the fabri- 
cation of gun-powder. 

656. In drying damp powder, the degree of heat ſhould be 
moderate, (63.) When any of tlie ſaltpetre has been diſſolved, 
it ſhould be ground afreſh, to eſtabliſh a juſt mixture of the 
ſeveral ingredients; and if part of it be abſolutely loſt, which 
may be known by paſſing a certain quantity of the powder, 

well dried and weighed, through a fieve, it will be neceſſary, 
before it is ground, to add the quantity of ſaltpetre that is 
deficient. 

67. Having thus ſhewn that the force of powder is owing 
to an elaſtic fluid generated at the exploſion, the ſuddenneſs 
of which depends upon the proportion of the ingredients, the 
contact between the nitrous and combuſtible particles, and 
the ſize of the grains, &c. it may be concluded, that when 
ſeveral powders, tqually well dried, and fired under the ſame 
ſtate of the atmoſphere, are compared together, that which 
produces the greateſt quantity of the elaſtic fluid, in a given 
ſpace of time, is the ſtrongeſt. 


. 


Tur PROPERTIES Of PowDER ARE THE SAME 
IN FIRE- ARMS Or ALL CALIBRES. 


68. H AVING proved that every degree of heat is 
not capable of firing powder, and that its force depends on 
the elaſtic fluid generated at the exploſion, it is needleſs to 
adduce any more arguments in ſupport of this fact; but 
with regard to the ſecond and third properties (44, 48, 49.) 
of powder, which are undoubtedly of greater conſequence, 
and have often, for want of due inveſtigation, occaſioned a 
difference of opinion among artilleriſts, in treating of the 


proper charge and length of guns, it is neceſſary to be more 
A 8 particular. 
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particular. Theſe two properties, as well as the firſt and 
fourth, hold good in all fire-arms, and in every other cavity 
where powder is burned ; they are alſo modified by the ſame 
cn (41.) and by others that will be hereafter men- 
tioned, | | t 295 7 
69. The ſecond property is obſervable in all fire- arms, 
when, on applying fire to different quantities of the ſame 
powder, either the whole or a part only of the grains take 
fire, in proportion to the ſtrength of the fire, and the denfity 
of the medium, For example, if a quantity of cannon 
powder be all burned in a gun of large calibre, the ſame 
ntity, in a piece of ſmaller calibre, will not be all burned. 
n the ſame piece, charged with different quantities of pow- 
der, the ſmaller charge will entirely explode, while a part 
only of the larger will be conſumed. If, in the largeſt charge, 
the reſiſtance to the exploſion be increaſed by a high wad, 
ſhot, &c. a greater quantity of powder will burn than when 
the piece is fired with-a common wad, and without ſhot. 
Theſe varieties conſtitute the ſecond property of powder. 
(44> 455 46, 47.) ; Av 
70.. The third property of powder is equally obſervable in 
all fire-arms. The inflammation of each grain, and of the 
contiguous ones, being progreſſive in all kinds of powder, the 
varieties that occur ariſe not only from the ſize of the grains, 
and the proportion of the ingredients, but alſo from the 
ſize of the veſſel in which the powder is fired. For example: 
if in two veſſels, of unequal ſizes, two equal quantities of 
powder be burned, the fire in the ſmalleſt veſſel, being moſt 
intenſe, accelerates the deſtruction of each grain, and all the 
powder is conſumed in leſs time than in the larger veſſel. 
The fame circumſtance occurs, when, two equal quantities 
of powder are burned in veſſels of equal ſize; one of which 
reſiſts the action of the powder, and the other burſts at the 
beginning of the exploſion : the heat being more intenſe in 
the veſſel that reſiſts than in the other, the deſtruction of 
each grain is accelerated. aeg. . 
71. To prove that the inflammation of powder in fire- 
arms of all calibres depends on the denſity of the air con- 
tained between the grains, and the degree of fire that ſur- 
rounds them, (69.) let a muſquet or piſtol barrel be filled 
with powder to four or five diameters; let a ſmall wad, made 
of a ſubſtance not eaſily combuſtible, be lightly compreſſed 
upon the powder; and let the piece be fired into a veſſel made 
8 on 
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on purpoſe to receive the diſcharge: a certain number of grains 
will be found unfired; let theſe be collected and weighed. 
If this experiment be repeated ſeveral times, with the ſane 


Piece, and with the ſame quantity of powder of the ſame 


quality, and the piece be ſuffered to cool after each diſ- 
charge, the number of unfired grains will be always nearly 
the ſame. Inſtead of repeating the experiments with the 
fame piece, let two or three, of the ſame calibre, but the 
lengths of which are in the ratio of 1, 2, 4, be charged with 
the ſame quantity and quality of powder, and fired as above, 
the ſame number of unfired grains will be found in the veſſel; 
which proves that the additional length does not contribute 
to the inflammation of a greater number of grains, provided 
that the experiments be made with dry powder, and in a 
very dry day. Theſe effects equally take place in muſquets 
or cannon; for if a thirty-two-pounder be charged with 
$1b. 502. of powder, carefully collected together in the 
chamber, and lightly compreſſed with a wad, and the gun 
be fired horizontally upon hard ſnow or ice, a great quantity 
of dirt will be found before the muzzle of the gun, but 
hardly any unfired grains of powder; but if the gun be 
fired with 251b. of the ſame powder, a number of unfired 
grains will be found: again, with 50 lb. of powder, the 
number of unfired grains ſcattered upon the ſnow will be 

ter. It evidently reſults, from theſe experiments, that 
in all fire-arms the quantity of powder that burns is limited. 
It now only remains to be proved, that this proceeds from 
the intenſity of the fire, and the denſity of the air contained 
between the grains; and that when theſe cauſes vary, the 

tity of powder that is burned in the ſame piece varies 
alſo, though the charges be equal. 

72. When one of the barrels is charged with the ſame 
quantity of powder, of the ſame quality, if a very high wad 
be rammed on it, or the reſiſtance to the exploſion conſi- 
derably increaſed by any other method, after the diſcharge, 
fewer unfired grains will be collected. This not only cor- 
reſponds with the reſult of former experiments, (46.) ſince 
the degree of fire is increaſed by the reſiſtance, but ſerves to 
confirm the 1 inflammation of the grains. But it 
ſhould be remarked, that the increaſe in the quantity of pow- 
der that takes fire is not always proportional to the increaſe 
of the reſiſtance; for, under ſame circumſtances, a flight 


nes 
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reſiſtance cauſes a more intenſe fire than a much greater one 
does in others, | | | | 

The experiments made with the machine deſerihed in the 
third figure, prove that a difference in the denſity of the air 
between the grains produces varieties in the quantity of pow= 
der that takes fire; the following ſimple experiment will fur- 
ther confirm it, Let a muſquet be with a full quan- 
tity of powder, with a ſingle wad, and fired into a large 

2” when the air of the atmoſphere is very denſe and dry 

let it be again charged preciſely in the ſame manner, and 
fired when the air is rarefied, as it is ſometimes in ſummer, at 
two or three o'clock in the afternoon ; and, to render the 
effects more ſtriking, let the barrel be heated by expoſure to 
the ſun. If the powder, after each diſcharge, be collected 
and weighed, a much greater number of unfired grains will 
be found after the ſecond than after the firſt : now the only 
difference between them being in the denfity of the air con · 
tained between the grains, it is evident that this muſt be the 
ſole cauſe of the varieties that take place, The decreaſe in 
ranges, obſerved in very hot weather, or when the guns ard 
much heated by preceding diſcharges, ought not to be attri- 
buted to the leſs elaſticity of the air, fince its action, com- 
pared to that of the elaſtic fluid generated from powder, is 
hardly ſenſible; the true cauſe is the rarefaction of the air, 
whence leſs powder takes fire. I” 
73. The fize and poſition of the vent render this pro- 

of powder ſubject to other varieties. On two 
piſtols, of the ſame calibre, but the vent of the one larger 
than that of the other, fewer unfired grains will be found in 
the veſſel from the former than from the latter. The fame 
circumſtance occurs when the vent of the one is ſituated at a 
greater diſtance from the bottom of the bore than the vent of 
the other, though they be equal in ſize. , 

74. The charges that at each elevation produce the longeſt 
ranges, depend alſo upon this property of powder. It is 
neceſſary to vary the charges according as the denfity of the 
air contained between the grains differs, as the elevation is 
altered, or as the atmoſphere is more or leſs loaded with 
vapour, Thus it conftantly happens, that on firing at the 
_ fame time two pietes of the fame calibre, but of unequal 
lengths, the vents of which ate of the fame fize and in the 
ſame pofitibn ; the vrhich in the longeſt piece gives 
the longeſt range, gives it equally in the ſhorteft piece; pro- 


28 THE PROPERTIES 


vided; that the two longeſt ranges of the two pieces, when 
compared together, be unequal, | ; 
75. In ſeeking the charge that gives the longeſt range, it 
will be found that by uſing ſmall charges at firſt, and in- 
creaſing the quantity of powder by degrees, the ranges will 
increaſe to a certain point; after which, if the-charge be 
augmented, they will progreſſively diminiſh ; though the re- 
coil will ſtill continue in the ratio of the increaſe of the 
charge. This is a conſequence deducible from the fore- 
going experiments, and agreeable to the principles of me- 
chanics; fince the recoil and the range ought to be in the 
reciprocal ratio of the gun and the ſhot, making allow- 
ance for the reſiſtance which theſe bodies meet with. Thus, 
when all the powder explodes, the recoil and the range 
ought to be in the above ratio; but when a part only 
takes. fire, the burning powder muſt not only impel the 
wad and the ſhot, but alſo the unfired grains. Now the 
fubſtances impelled towards the muzzle of the gun being in 
greater quantity, the weight approaches nearer to the weight 
of the gun, which always remains the ſame, and the range 
js conſequently diminiſhed. | . 
706. The following experiments will prove the third pro- 
perty of powder in fire-arms of all calibres. (70.) Let a 
n of any nature be taken, and, to ſimplify the experiment, 
charged with ſuch a quantity of powder as will all explode: 
on examining the ranges from two equal charges of powder, 
of the ſame quality, but of differently ſized grains, as cannon 
and muſquet powder, it will be conſtantly found, ceteris 
paribus, that the range produced from the muſquet powder 
15 much longer than that from the cannon powder. Now as 
the action of fired powder depends on the elaſtic fluid, the 
ſhot, in the longeſt range, muſt neceſſarily have been im- 
- pelled by a greater quantity of this fluid: but it has been 
demonſtrated, ( 57.) that from equal charges of cannon and 
muſquet powder, equal quantities of the elaſtic fluid are ge- 
nexated when they are totally conſumed ; wherefore, in this 
caſe, all the fluid is not generated in the time that the ſhot is 
moving along the bore ot the gun, and conſequently we may 
conclude. that its generation is progreſſive, A comparative 
trial of all other kinds of powder that have the ſame pro- 
portion in their ingredients, and differ only in the ſize of 
the grains, gives a ſimilar reſult: whence it is clear, that 
esch grain is conſumed progteſſively in pieces of all 2 
5 5 an 
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and that the only variation conſiſts in the length of time from 
the firſt inſtant of its inflammation till its final conſump- 
non. | | 
77- Some artilleriſts, from the intenſe heat excited in a 
piece of ordnance at the inſtant of exploſion, particularly 
with large charges, conceived- that all the powder muſt be 
conſumed before the thot begins to be in motion ; but it 
having been already proved (71, 72.) that the quantity of 
powder that burns is limited, it will ſuffice to ſhew, by a 
conclufive experiment, that the inflammation and deſtrue- 
tion of each grain is progreſſive, It is well known that 
fine war powder is much ſtronger than muſquet powder; 
and that, on firing equal quantities of theſe powders from 
the ſame piece, the former will give the longeſt range : but if 
of the ſame paſte from which the former powder be made, 
grains four or fire times larger than thoſe of the muſquet 
powder be formed, and the difference of the ranges between 
this large grained powder and muſquet powder, fired in equal 
quantities from the ſame gun, be remarked, the ranges 
from the latter will be. found much longer than from the 
former ; conſequently the ſhot muſt have been impelled by 2 
greater quantity of the elaſtic fluid. But the large grained 
powder, if totally conſumed, ſhould produce the ſame quan- 
titity of fluid as the fine war powder, which was found to 
produce more of it than an equal quantity of muſquet pow- 
der. In this experiment, therefore, all the fluid is not diſ- 
engaged from the large grained powder, and the deſtruction 
of each grain is progreſſive, as the charge is fo proportioned 
that the whole ſhould take fire in the gun. | 
78. This progreſſive deſtruction of each grain is never to- 
tally effected within the bore of the gun, in the charges at 
preſent in uſe; for, independent of the above obſervations, 
fire is always ſeen to iſſue in great abundance from the 
muzzle of the gun, which could never happen if all the 
powder were conſumed before the ſhot began to move- [77'S 4 
79. Upon this third property of powder in ſome meaſure 
depends the difference of ranges in two guns of unequal 
length, but of the ſame calibre, charged with equal quan- 
tities of powder of the ſame quality. The reaſon why the 
ſhot from the longeſt piece ranges fartheſt, is not only be- 
cauſe it is impelled for a longer time by the fluid, but alſo 
becauſe a greater quantity is generated daring that time. 
Bur ſhat from long pieces only range farther when at quit- 
| | ung 
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ting the gun they are till impelled by the elaſtic fluid ; org 
in other words, when arrived at the mouth of the piece, 
their velocity is leſs than that of the fluid itſelf. | 
. 80. The action of the elaſtic fluid on the ſhot in moving 
along the bore of the gun is ſo powerful at the beginning of 
the movement, that the« range from a. charge ſome- 
times equals, and even exceeds, - that from a larger charge, 
though they both take fire before the ſhot begins to moye, 
This is owing to the ſmall charge occupying a leſs ſpace of 
the bore; whence the ſhot is longer impelled by the fluid, as 
it has a longer ſpace to move through in the gun, To elu- 
cidate this, let an experiment be made with a a diameter 
and half of its ſhot in length; the ranges, or the penetration 
of the ſhot into ſoft earth, will be greater when the charge 
upies half, than when it occupies a whole diameter, 
hus the decreaſe of range in a piece of ordnance that is over - 
charged ariſes not only from the greater weight of matter 
to be impelled by the tired powder, but alſo from the leſs 
that the ſhot has to paſs through in the piece, and the 
s impulſion of the elaſtic fluid. | 

81. From theſe premiſes, it will be eaſy to explain, why, 
in fire-arms loaded in the common manner, only a certain 

quantity of powder can take fire. 1 
There are two actions to be diſtinguiſhed in the fluid ge- 
nerated at the burning of powder ; of fire, and elaſticity. As 
the fluid ſeparates, and diſengages itſelf from the burning 
grains, it carries off with it different inflamed combuſtible 
particles ; the degree of fire is then weakened, as much from 
its expanſion, as from the extinction of the flame, owing to 
the deſtruction of theſe combuſtible particles; wherefore the 
fluid, at a certain diſtance from the burning grains, does 
not contain heat ſufficient to inflame other grains; but its 
elaſticity, though weakened by the decreaſe of heat, does not 
ceaſe to act againſt the ſides of the containing veſſel. Now 
as the inflammation. of powder in fire-arms commences at 
the vent ſituated at the bottom of the bore, there is generated 
from the firſt grains an elaſtic fluid, which inſinuates itſelf 
into the interſtices of the other grains; but the more this fluid 
expands, and the combuſtible particles mixed with it arg de- 
ſtroyed, the heat becomes Jeſs intenſe, and unable to fire the 
grains more diſtant from the vent: but a freſh fluid is ſuc - 
| oy generating, and inflaming thoſe which the firſt pro- 
duced fluid had not power to inflame ; the quantity oP 
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fluid, and the intenſity of the heat, increaſe by degrees, till 
the wad and ſhot begin to move. From this inſtant of 
movement the ſpace containing the fire, the fluid, and the 
unfired grains, enlarges; and though freſh fluid is conti- 
nually generating, yet, as the fire does not increaſe in propor- 
tion as the ſpace which contains it is enlarged by the re- 
moval of the wad and ſhot towards the mouth of the gun, 
the unfired grains will not be inflamed ; as, from the rare- 
faction of the air, the fire is not ſufficiently intenſe. Hence 
we may conceive why, in moderate charges, properly wadded, 
the fluid has ſufficient elaſticity to force out the wad and ſhot, 
and, at the ſame time, heat enough to fire all the grains; 
and why, in charges that are too large, and wadded in the 
ſame manner, the heat is not intenſe enough to inflame the 
grains that are diſtant from the vent, while that its elaſtici 
is ſufficient to overcome the reſiſtance of the ſhot and 
and put them both in motion. 

82. It may be concluded from the ing obſervations, 
that the form of the veſſel in which powder is burned has no 
influence on the force of the elaſtic fluid. Indeed, as the 
powder may be more compact in one form. of chamber than 
in another, the fire, in ſpreading itſelf from the vent with 
more rapidity, may inflame more grains; thus a greater 

ntity of the fluid may be produced in equal times, but 
abſolute force of an equal portion of it will not be in- 

creaſed, Mortars with ſpherical chambers give the longeſt 
ranges; becauſe, of all the different forms, of equal contents, 
in which chambers can be made, the ſpherical has leaſt ſuper- . 
ficies, as may be demonſtrated geometrically ; all the powder, 
therefore, is nearer to the vent in this chamber than in any 
other. 

83. As the properties of fired powder are the ſame in 
fire-arms of all calibres, in proportion to the s of 
the charge around the vent, the reſiſtance to its ex- 
ploſion, and the variation in the denſity or moiſture of the 
atmoſphere; it is evident that, in firing equal quantities of 
powder of the ſame quality, at different times and places, 
different effects will reſult. If the ſtate of the air be al- 
tered, both with reſpect to denſity and moiſture, the ranges 
will be ſenſibly ſhorter, as the fucceſſive inflammation of the 
grains will be flower : this frequently occurs when cannon 
are fired over the fea, lakes, ar mar{by grounds, from which 
there is a ſtrong exhalation. 1 
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It will be ſhewny in the ſecond part of this treatiſe, that the 
initial velocity of a muſquet bullet, in a very moiſt day, is to 
- velocity, with, an equal charge, in a dry day, as fix to 
even. | 9 
84. It might be ſuppoſed, that experiments made at diffe- 
rent times and places, with mortars conſtructed with the 
ſame proportions, and from the ſame model, might be con- 
cluſive in proving the comparative goodneſs and force 


different powders; but the contrary is the caſe: for, inde- 


pendant of the varieties enſuing from alterations in the ſtate of 
the atmoſphere, there will inevitably be a difference in the 
conſtruction of the mortars, in ſpite of the utmoſt precau- 
tion of the founder. Theſe differences, or inequalities, 
though ſcarcely diſcernible, will nevertheleſs greatly affe& the 
range; even if the mortars are fired from the ſame ſpot, in 
the ſame poſition, and with all other circumſtances as nearly 
correſponding as poſſible. 
85. To aſcertain the goodneſs and force of powder, by 
proving it with a mortar — CS 479-9 
1. Fire ſome rounds with a particular powder, made 
with the greateſt exactneſs, called proof powder z then fire 
the ſame number of rounds, from the ſame mortar, 
charged with an equal quantity of the powder to be 
proved, which ſhould be of the ſame kind as the — { 
' powder : if the ranges be equal, the force and goodneſs 
of the powder is aſcertained. It ſignifies little whe- 
ther the proof powder, provided that it be in good pre- 
ſervation, has at other times given longer or ſhorter 
ranges; ſince this comparative trial proves that the two 
powders are of equal force. 
2. Before the proof, the two powders ſhould be ex- 
poſed to the ſun for ſome time; (63, 66.) and the 
roof made on a day when the air is clear and ſerene. 
3. To leſſen the varieties that any alteration in the 
rarefaction of the air might occaſion in the inflamma- 
tion of the powder, or the reſiſtance of the ſhot, the 
two powders ſhould be fired as nearly at the ſame time 
as poſſible, and in ſmall quantities, that the whole charge 
may take fire: Wherefore, if the chamber be eylin- 
drical, as it commonly is in proof mortars, and the vent 
ſituated at the bottom, the charge ought not to exceed 
one diameter of the chamber; though a larger quantity 
might take fire, if the powder be of ſufficient _—_ 
4. The 
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4. The mortar ſhould be firmly fixed in a heavy bed, 
that the machine may not be deranged by the explo- 
lion, and laid at 45*; the ſhot thould be of equal 
weights and diameters, with the centre of the figure 
correſponding with the centre of gravity: without 
theſe precautions, the reſult of the experiments can- 
not be depended upon. 

In this manner the goodneſs and force of powder may ba 
with more accuracy aſcertained, than by any other method 
yet invented: for complicated machinery is ſudject to nu- 
merous accidents z many of which are avoided by fixing the 
mortars ſo ſolidly and firmly in their beds, as to form as it 
were but one ſimple machine, , 
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Or THe CHARGES THAT GIVE THE LONGEST 
RANGES. 


86. To aſcertain the charges that give the longeſt 
ranges, has ever been one of the chief objects of reſearch 
among artilleriſts ; it is to be deduced from the ſecond pro- 
perty of powder, and can only be known by experiments 
made in particular caſes. Having proved, in the preceding 
chapter, that the ſecond property of powder has effect in all 
fire-arms (47, 71), and that the quantity which takes fire 
is in proportion to the reſiſtance to the exploſion, the denſity 
of the air contained between the grains (72, 74), the ſize 
and poſition of the vent, the form of the chamber, and the 
ſtate of the atmoſphere (82), it is impoſſible to fix invariably 
the charges for giving the longeſt ranges; the utmoſt that 
can be done, is to eſtabliſh rules adapted to certain deter- 
mined circumſtances : and, in order to render them uſeful 
and concluſive, they ſhould be deduced from experiments 
made with guns of the ſame calibre with thoſe of which the 
proper charge is ſought, and the common made of firing 
ſhould be obſerved, | 

87. In theſe experiments two objects are principally to bg 
had in view: | 

1- To find the charge which, of all athers under 
fimilar circumſtances, will with powder of the -ſame 
quality produce the * range. 
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2. To aſcertain the greateſt quantity of the ſame 
powder that takes fire in the piece, fired preciſely in the 
ſame circumſtances. This diſtinction muſt be carefully 
obſerved. 

It has been demonſtrated, in ſpeaking of ſhort guns (80), 


that when the greateſt number of grains take fire, the range 


is not always the longeſt: Now it is = to extend this de- 
monſtration to pieces of all lengths. To ſuppoſe that the 
charge is entirely converted into elaſtic fluid before the ſhot 
begins ſenſibly to move from its place, and that the fluid 
preſerves conſtantly the ſame degree of heat, is to conſider it 
as liable to no other modification than expanſion as it paſſes 
along the bore of the gun, which is proved to be falſe in the 
experiments related in the Philoſophical Inſtitutions. It is 
there ſhewn, that the longeſt range is obtained from a charge 
that occupies about 17 of the length of the bore, and that 
all other charges give ſhorter or longer ranges according to 
their deviation from this proportion, Thus the experiments 
made with the powders deſcribed (40), far from invalidating 
the former concluſion, on the contrary confirm it; by pro- 
ying, that in fire-arms overcharged with powder, and the 
ſhots and wads rammed as uſual, all the grains do not take 
fire, and that all the elaſtic fluid is not generated before the 
ſhot iſſues from the mouth of the piece. Whence on com- 
paring two unequal charges of cannon powder, the ſmalleſt 
of which is entirely conſumed in the piece, while the larger 
is ny conſumed in part; it will be ſeen, that though the 
longeſt range might be expected from the largeſt charge, as 
more of it may take fire; yet concluſions entirely oppoſite 
may be drawn from practice: whether it is, that the unfired 

wder increaſes the weight of the ſubſtances to be impelled ; 
or whether from the quantity of the charge, the ſpace through 
which the ſhot ſhould paſs is too much diminiſhed.* Since, 
then, in ſpite of the inflammation of a greater number of 
grains, theſe Jarge charges do not always give the longeſt 
ranges, and they uſeleſsly increaſe the conſumption of pow- 
der, and ſhatter the carriages ; our principal object ſhould be 
to determine preciſely the charge which, of all others under 
fimilar circumſtances, will give the longeſt range in pieces 
of all calibres. 

88. There are three methods of determining experimentally 


_the charge that impels the ſhot with the greateſt force, and of 


courſe gives the longeſt range. 1 
| ths 1. BY 
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1. By finding the initial velocity of the ſhot near the 
mouth of the piece. TY 

2. By firing againſt a butt penetrable and homoge- 
neous, in which may be meaſured the | enetrations of the 
ſhot. | | 

By meaſuring the length of the ranges. 

The lat method is the moſt complex, and gives approxi- 
mations leaſt exact; as ſeveral - circumſtances may concur to 
impede the motion of the ſhot, and alter it's direction; but, as 
it is moſt common in practice, we will firſt examine it. The 
mveltigation of the others will lead us to the ſolution of ſeveral 
yery important problems. 

To find t e charge that gives the longeſt range— 

1. Fire ſeveral rounds from the ſame piece, under 
circumſtances as nearly ſimilar as poſſible, with ſhot of 
the fame kind, and with wads rammed with the ſame 
force as is generally employed; in a word, with no other 
difference than in the quantity of powder. ; 

2. Continue tiring till a charge be found, any increaſe 
or decreaſe of which gives thorter, or at leaſt equal ranges, 

3. Alter the elevation of the guns, and fire ſeveral 
rounds in each poſition, till the proper charge be found. 

Impreſſed with a neceſſity of adhering to theſe principles, and 
anxious, at the ſame time, to avoid a prolixity that could add 
nothing to the exactneſs of the concluſions, the officers of ar- 
tillery at Tux ix, in making the following experiments, laid 
the gun, at firſt, horizontally, and afterwards, at thg bigheſt 
elevation the carriages would admit of. 

89. The experiments began the 7th of February, and ter- 
minated the 3oth of March, 1746. They were generally car- 
ried on in moderate weather, and in the afternoon. Several 
rounds were fired from each piece, with equal charges. The 
guns were mounted on a part of the fortifications of the city, 
where the axis of the piece was thirty feet higher than the level 
of the country where the ſhot fell. In the direction of the 
range a line was traced, and pickets fixed in the ground at every 
hundred feet; and, to prevent all poſſibility of miſtake, each 
picket was numbered. To the right and left of the 
men were poſted to mark exactly the ſpot where the ſhot 
grazed ; while the officers made the neceſſary obſervations upon 
the guns, which moved freely upon a ſolid horizontal plat- 
form, twenty feet in length, and ten in breadth, "Phe guns 
were four, eight, ſixteen, and 896 and. hoſe 
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which had the bore 2 and the vent ſituated at the 
bottom, were conſtructed according to the proportions laid 
down in the Firſt Book of Artillery. 


Nature of Guns. Length of Bore. Weight. 


Pounders, Calibres, Cu. 7. 6. 
$ . 3 
— 27 — 1 $Y. 30 
16 % 30 $/-20 
32 V 


They were fired on their carriages, and loaded with the 
ladle: the powder was the common-grained cannon pow- 
der; four firokes of the rammer were given to the wad over 
the powder, and three to that over the ſhot, by the ſame 
gunner, and as nearly as poſſible with the ſame force; The 
wads were of twiſted hay, properly gauged ; the Hot were 
weighed, to ſee that they were exactly equal in weight; and 
the windage was in the ratio of twenty to twenty-one. 
The guns being loaded, and pointed along the range, were 
fired with the axis always horizontal; which was aſcertained 
by the pendulum and water-level, After each diſcharge, the 
length of the recoil was meaſured ; the wheels were placed in 
the ſame poſition, between lines, to prevent the lighteſt dif- 
ference. | The coins placed under the breech were marked be- 
fore the diſcharge; and if moved by the ſhock, the expe- 
riment was not conſidered as exact. 
. Theſe precautions being taken, the ſmalleſt charges were 
' uſed at firſt, and increaſed gradually till the ranges began 
to diminiſh : three rounds, at leaft, were fired with each 
charge. The charge that gave the longeſt range having been 


' aſcertained by repeated firings, the principal object was, during 


the. lat five days, to remark what alteration might ariſe from 
any change in the ſtate of the atmoſphere ; with this view, the 
fame gun was fired each afternoon, with the charges marked 
in the follow ing table. For example, from the four-pounder 


three rounds were fired, with each of the charges of 11b. 4 02. 


IIb. 100. 2b. 10z. of powder : the following day, from 
the eight - pounder three rounds were fired, with the charges 
of 2 lb. 7 o. 3b. 50. and 4 lb. 2 0. of powder. In 
like manner the ſixteen- pounder was fired on the third, and 
the thirty-two-pounder on the fourth day. At length, to 
form a compariſon of the ranges of the different guns, on the 
fifth day the four and eight-pounders were fired, with charges 


equal 
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equal to half the weight of their ſhot : the charges of the ſixteen 
and thirty-two pounders were equal to + of the weight of their 
ſhot, The following table will ſhew 1 the reſult; of ve, ex- 
periments during the five days. | 


Nature of Weight of Length of Recoil. 


Guns. Powder, Range. | 
Pounders. 1b. oz, - Yards. Inches, 
14 — 1 — 43 
4 1 10 — 489 — 62 
| 2 1 — 472 — 72 
＋ͤĩ ⁵ö- _ 
8 8 T0 
4 2 — 532 — 82 
1 
16 „ Po ond 
4. M0 
| 6.4. — — 
. 812 — 492 — 1 
023. = O_o 


90. | Theſe experiments having been made with the great- 
eſt accuracy, we may conclude, that in cannon fired under 
ſimilar circumſtances, the charge of powder which will give 
the longeſt range, is equal to half of the weight of the ſhot 
in four and eight pounders, and to + of its weight in ſixteen 
and thirty-two pounders ; and moreover draw the following 
inferences with reſpect to two important effects which con- 
ſtantly appear. | | 
| 1, The recojl always increaſes in jon to the b 

augmentation of the charge, that the length of the 
range increaſes to a certain point, and afterwards de- | 
creaſes in a much leſs ratio than the recoil increaſes. 

2. That the charge which gives the longeſt range in 
pieces of ſmall calibre, is proportionally larger than in 
"” of large calibre. 

The following experiment will explain the cu of 
the firſt effect (o, No. 1.) : Charge any piece of ordnance 
with the greateſt quantity of powder that will all take fire 
without a wad ; after the diſcharge mark the recoil: uſe 
again the fame quantity. of powder, with a wad ſtrongly 
rammed on it ; the length of the recoil will be = than 
at the firſt diſcharge : fire a third round with the fame charge 
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well wadded; with the addition of a ſhot and wad over it; 
the length of the recoil will be again increaſed. At length, 
with ſimilar charges and wads, and, inſtead of one, putting 
two or three ſhot into the gun, the recoil will increaſe in pro- 
portion to the number of ſhot, and the range will diminith. 
92. We may caſily apply this fact to the experiments of 


1746. 

yg has been proved (71 75), that only a limited quantity 
of cannon powder takes fire: thus, till the charge be ſo pro- 
portioned as to be all fired in the piece; a greater quantity of 
elaſtic fluid is generated in proportion to the largeneſs of the 
charge. Now conſidering the gun and its carriage taken to- 
gether as a conſtant quantity termed C, and, the ſubſtances 
impelled towards the mouth of the gun, viz. the two wads 
and the ſhot, as P; the length of the range ought to be to 
the length of the recoil as C: , without making allow- 
ance for friction and the reſiſtance of the air to the motion 
of the ſhot. But as the ſpace that the ſhot ſhould move 
through in the piece is diminiſhed in proportion as the 
charge is increaſed, and the vis motr:x conſequently acts up- 
on it for a ſhorter time; the decreaſe of impulſion muſt be 
deducted from the action of the elaſtic fluid generated in 
greater quantity as the charge is larger : Hence it reſults, that 
the ranges are proportionally ſhorter than the recoil, though 
they both increaſe as the charge is augmented, 

| But if the charge be ſo augmented, that a part J arrives 
at the mouth of the piece without taking fire, then the ſub- 
ſtances to be impelled being in greater quantity, the ſame 
circumſtance that occurs when ſeveral ſhot are put into the 
piece wilt in part occur here. As no more grains will be 
fired, than if the charge were ſmaller and all ignited, the ſhot 
will acquire leſs velocity; but the reaction againſt C increaſing 
at the fame time, the recoil will be greater than before. 
The fabſtances 2 +1 forced towards the mouth of the piece, 
preſenting to the exploſion of the elaſtic fluid a greater re- 
ſiſtance than P alone, and the number of ignited grains and the 
quantity of fluid generated during the time that the ſhot is 
moving along the bore being more confiderable, the abfolute 
inereaſe of fire acting againſt the gun and carriage muſt alſs 
augment the recor} ; while the range may be ſhorter, equal, 
or longer, than that produced by a charge that is entirely 
conſumed in the gun, in the ratio that the increaſe of fluid 
bears to the ſubſtances P +1, and to the ſpace that the ſhot 
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has to move through in the piece. This ſhews clearly, that 
the ranges or the initial velecities of ſpat impelled from guns 
are prepertionally leſi than the recoils, and that if the charge 
be augmented to a certain point, the ranges will diminiſh, 
while the recoils will increaſe. 

93. Thus, very large charges ſhould never be uſed in the 
ſervice of artillery, as the ranges from them are ſhorter, or at 
moſt but equal; and beſide the uſeleſs expenditure of pow- 
der, the carriages are ſoon rendered unſerviceable, and the 
greater part of the ſhot are of no effect. 

94. The cauſes of the recoil merit a more particular exa- 
mination. There are two motions in the breech of a gun, 
at the inſtant of diſcharge ; one up and down, by which it 
ſinks into the coins, and fometimes throws them upon the 
ground, if too obtuſe or improperly placed: this reflected 
movement of the breech takes place when the center of gra- 
vity of the gun is too near to the axis of the trunnions, or 
when the coins are made of too elaſtic a ſubſtance, The 
other is an attempt to retire with all the machine in a di- 
rection oppoſite to that of the movement of the ſhot, which 
is termed the recoil, 

95. The better to underſtand the cauſe of this double mo- 
tion; let a reſiſting veſſel, in which powder takes fire, be ſup- 
poſed to have the vent ſtopped at the beginning of the in- 
flammation, no motion will in this caſe be perceived, becauſe 
the elaſtic fluid, preſſing equally upon the ſides of the con- 
taining veſſel, and all the parts having a mutual attraction, 
its powers are in equilibrio : the. balloon inflated with air is 
a very fimple demonſtration of this. | 

96. But if the elaſtic fluid can eſcape through an aperture 
made on purpoſe, or through a cleft cauſed by its action on 
the ſides of the veſſel, it will be impelled in a direction op- 
poſite to the aperture, with a force proportionate» to the den- 
ſity and velocity of the fluid. For the elaſtic fluid in 
eſcaping meets reſiſtance from the external air, and 'impels 
it and the veſſel in oppoſite directions; and if the veſſel itfelf 
be not equal in weight to the action of the fluid, it will be 
put in motion: ſince the column of air which reſiſts this 
motion, and tends to preſerve the veſſel in a ſtate of reſt, will 
not be able to prevent it; (its reſiſtance being proportional to 
the velocity of bodies moving in it:) the greater the velocity 
with which the fluid ruſhes out, the greater will be the re- 
ſiſtance, and the longer the recoil : a number of experiments 
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might be adduced in ſupport of this, but the common ſky- 
ma, Rc eee W N 
7. When fire is introduced into the vent of à gun, the 
action of the breech againſt the coins is in proportion to the 
denſity of the elaſtic fluid in the charging cylinder: now as 
the wad and ſhot cannot move before there be a ſufficient 
quantity of the fluid generated to overcome their reſiſtance, 
and force out the column of air from the bore of the gun; 
if the wad be too ſtrongly rammed, or a part only of the 
powder take fire, or more than one fhot be put into the 
gun, or it be more elevated at one diſcharge than another, the 
reſiſtance to the fluid being increaſed by one or more of theſe 
cauſes,” a greater quantity muſt be generated before the ſhot 
and wad will be moved. Before this motion commences, 
there can be no recoil (95), for the ſhot and wad form, as 
it were, a part of the gun itſelf : wherefore, if ſo large a 
quantity of ſubſtances be put into a gun, as totally to pre- 


vent, by their refiſtance, the eſcape of the elaſtic fluid, there 


will be no other movement in the piece than that of the 
breech up and down againſt the coins ; which might, if ne- 
ceſſaty, be more fully demonſtrated. Moreover, ſince a 
part of the elaſtic fluid eſcapes through the vent during the 
time of its generation in the charging cylinder, it is clear, 
that the action of the breech againſt the coins in the oppo- 
ſite direction, muſt commence as ſoon as the powder takes 
fire, but the recoil will hegin ſooner or later according to the 
reſiſtance oppoſed to the exploſion, 

98. Hence, if the movement of the breech up and down 
has not totally ceaſed before the ſhot quits the gun, it may 
be thrown above or below the point aimed at. When the 
wheels are of unequal diameters, or not placed in the inter- 
vals of the correſponding lines and nails, or the platform on - 
which the gun moves while the ſhot is paſling along the 
bore, is not even and ſolid ; in all theſe caſes, the gun will not 
recoil in the proper direction, and the ſhot will be thrown 
wide of the mark. 

99 . The length of the recoil during the time that the 
ſhot is paſſing along the bore varies according to circum- 
ſtances, If the charge, for inſtance, be rammed in the com- 
mon method, and the gun, placed on an even horizontal 
platform, the elaſtic fluid muſt exert more force to move the 
charge than to move the gun ; as 1s the caſe in uſing the wad- 
hook to draw out the charge, the gun being drawn ** 

| ore 
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before the wad is diſplaced. If, on the contrary, part of the 
platform be raiſed, the fame force that will draw out the 
wad will not be ſufficient to draw the gun up the inclined 
plane. Similar varieties occur in the recoil, when the ele- 
vation of the gun is altered, or the wheels turn more freely 
on the axle-tree. my” 

To give to this queſtion a practical ſolution, with reſpect 
to charges that all take fire in the gun; let the gun and car- 
riage be conſidered as one body C, the wads and ſhot=P, 
the length of the bore from the ſhot to the muzzle = D, the 


PD 
recoil will 2 To Let one round be fired with a wad 


over the powder, and the recoil= A. Let a ſecond be fired 
with the addition of a ſhot, the recoil=B will be greater 
PD BPD | 
than A; and A: B:: 2 8 =the length of the recoil 
in the time that the ſhot is paſſing along the gun. This ex- 
periment having been made with a thirty-two pounder, 
charged with common powder, and fired horizontally on a 


D 
horizontal platform A an inch, So that if the plat- 
form be very ſolid and even for ; an inch, at the ſpot on 
which the wheels and trail of the carriage reſt, de temain- 
der of the platform is only uſeful in facilitating the operations 


BPD 
of the artillery- men: indeed, as the value —— may from 


circumſtances vary a little, allowance ſhould be made for it. 
100. Let the ſecond effect (9o. Ne 2.), viz. that the 
charge which gives the longeſt range in pieces of ſmall calibre, 
is proportionally greater than the charge which gives the lon- 
722 ranges in pieces of large calibre, be now conſidered. 
his effect, which conſtantly appeared in the foregoing Ex- , 
periments, could only proceed from the ſize of the vent being 
equal in the four guns, and from the wads being ramm 
with the ſame force. From the former circumſtance, a re- 
latively greater degree of fire is produced in the ſmall guns ; 
and from the force with which the wads are rammed, the 
powder is more compact, and the charge adhering cloſer — 
S t 
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the ſides of the gun, the reſiſtance is increaſed, and more 
grains are fired, f 
101. In the ſpring of 17 50, the officers of artillery being 
directed to inveſligate ſome profeſſional points under the or- 
ders of the Chevalier FERRERO DI PonsIGLiIonE, made 
ſeveral experiments to find the charge that gives the longeſt 
range, when the piece is fired at the higheſt elevation the car- 
riage will admit of. The guns were of the ſame calibre and 
proportions as in 1746, only the ſhot being rather larger, the 
windage was leſs. They were loaded with the ladle with 
different charges of common grained cannon powder: three 
rounds were fired from each gun with the ſame charge; the 
ſame artillery-men gave five ſtrokes of the rammer to the 
wad over the powder, and three to that over the ſhot ; the 
guns on their carriages, moving freely upon a horizontal 
platform were always laid at the ſame elevation, and every 
caution. was taken to load them equally; and meaſure 
exactly the length of the ranges, upon a flat piece of ground 
nearly on the ſame level with the battery. 


Reſult of Experiments made in the Spring of 1750. 


Nature of Guns. Weight of Length of Recoil, 


Powder. Range. 
Pounders. Elevaticn. 1b. oz. : Yards. Inchet, 


2 8 „ 

© 2 — I - Wo 
in 214 — 2422 — 70 
1E 
Fo 5 a . 

4 2 = "2006y" — bg 

4 15 — 24866 — 35 

5 12 — 2375 — 102 

6 9 — 2675 — 119 

312 — 2630 — 7 

6 9 — 2860 — 76 
E 

8 3 — 2810 — 97 

90 — 2764 — 108 

9 13 — 28392 — 113 

11 — 3172 — 117 

13 2 — 3032 — 120 

14 6 — 2995 — 124 

16 6 — 3220 — 146 

18 © — 3084 — 168 
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102. It reſults from theſe experiments, that the charges 
that give the longeſt ranges when cannon are fired at the 
higheſt elevation their carriages will admit of, are greater 
than thoſe which produce the ſame effect when fired hori- 
zontally (89). But the ranges do not increaſe in the regu- 
lar progreſſion that might be expected. For inſtance, in 
the ſixteen pounder, the charges of 5lb. 12 oz, and 7 lb. 
3 0z. gave ranges nearly equal, while 61b. — gave one 
much longer. Theſe irregularities proceed the diffe- 
rent charges not having been fired on the ſame day; the 
5lb. 12 0z. were fired the 23d of March, the 6 Ib. ꝙ oz. 
the day following, and the 7 Ib. 3 oz. on the iſt of April; 
if they had been fired on the ſame morning, the modifica- 
tions in the exploſion of the powder, and' the air's refiſtance 
to the ſhot, reſulting from the alterations in the ſtate of the 
atmoſphere, would have been avoided : in the 4th and th 
chapters of the ſecond part, this matter will be more fully 
diſcuſſed. | 

On repeating theſe experiments with ſuch precautions as 
to avoid the modifications ariſing from changes in the ſtate 
of the atmoſphere, the charges (101) that give the longeſt 
ranges will- be found to be almoſt double of thoſe uſed in 
1746; but the increaſe of range is of little importance com- 
pared to the increaſe of the recoil, and the greater ſhock 
ſuſtained by the carriage ; theſe large charges ſhould never be 
uſed for common ſervice. 

103- In experiments of this kind, a remarkable inequa- 
lity between two ranges from equal charges of powder will 
occaſionally occur, though every precaution be taken to fire 
them under circumſtances as. nearly ſimilar as poſſible. 
Theſe inequalities were neither ſo 5 nor conſide- 
rable in 1746 as in 1750; but it is impoſſible totally to 
avoid them, for ſuppoſing the direction of the guns to remain 
unaltered at the exploſion, yet there are two cauſes which 
feparately or conjointly may render the ranges from equal 
charges of powder unequal. 

1. The ſhot in paſſing through the plane of the gun, 
may not exactly follow the direction of the bore; or on 
quitting the gun, it may take a different direction. 

104. 2. The powder may not be equally well collected 

in the piece, ſo that charges though equal in quantity, 

have not the ſame figure: large charges are more liable 

to this accident than ſmaller ones, particularly — 
ram 
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rammed with the ſame force. In this caſe the quantity 
of powder fired in the larger charge, varies in proportion 
to the diſpoſition of the grains to inflammation; for in- 
ſtance, in guns laid above the horizon, more powder 
ought to take fire, as the reſiſtance to the exploſion is 
greater. The larger the charges, the more frequent 
are the inequalities in the ranges independent of the 
violent concuſſion of the carriages. | 
og. Wherefore, the two extremes of very large or very 
ſmall charges ſhould be- equally avoided ; for the firſt does 
not compenſate for the uncertainty of their ranges, or the 


great increaſe of recoil, by the additional velocity and force 


given to the ſhot: and with very ſmall charges, the leaſt 
difference in the ſize of the wads or ramming, cauſes a great 
alteration in the impulſion of the ſhot and ultimately in 
the range; as is often ſeen in richochet-firing, and in mor- 
tars loaded with ſmall quantities of powder, 

106. This object of aſcertaining the charges that give the 
longeſt ranges, has engaged the attention of the French, as 
well as the Piedmonteſe artilleriſts ; and the reſult of their 
experiments appears to be, that in cannon of large calibre, 
the charge ought to be about g of the weight of the ſhot. 

The knights of Malta, on ſeeing the report of the French 
experiments, were induced to direct Sig. MaRanpone, 
engineer of the order, in the month of Auguſt, 1747, to 
repeat them. He ſent to the regiment of artillery at Turin 
a detail of his practice, and aſked the opinion of the officers 
on the concluſions to be drawn from it. Having obſerved, 
that on uſing larger charges than + of the weight of the ſhot, 
the ranges ſtill increaſed proportionally ; he did not think it 
neceſſary to purſue his experiments for finding the charge 
that would give the longeſt range; and judging that the 
French powder was weaker than his, he concluded that 


vrhen cannon of a large calibre are charged with a ſtronger 


powder than the French uſe, the charge which ought to pro- 
duce the longeſt range, muſt exceed + of the weight of. the 
ſhot : rhis concluſion is conformable to our theory, and the 
refults of our practice. 

It is clear then, that the artilleriſts in former days, con- 
ſumed a ' ſuperfluous quantity of powder, in making the 
charge equal to the weight of the ſhot : it even ſometimes 
exceeded it, as their powder was much weaker than that 


now in uſe. | 
107. The 
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10. The charges we have laid down as giving the longeſt 

ranges (89, 102) are under ſimitat cireumitances, the ſame 
in all guns of the ſame calibre, whatever be their length. ; ſince 
the increaſe of length does nor generally cauſe the inflam- 
mation of a greater number of grains (71 ) the charge, which 
in one gun will give the longeſt range will give it equally in 
a ſhorter one of the fame calibre : very thort guns. are in- 
deed an exception to this rule; for in them the action of the 
elaſtic fluid upon the ſhot in two unequal charges that all 
take fire, is at leaſt equal, or even greater, in the ſmalleſt 
charge; as the ſhot having a greater length of the bore to 


paſs through (80) is longer impelled by the elaſtic fluid. 


108. It only then remains to aſcertain the beſt charges for 
ſervice ; we ſhould previouſly recollect, that the great utility 
of fire-arms conſiſts in two points: the firſt and principal 
one is, to irike the object aimed at; the ſecond is, to ſtrike 
it with a due degree of force, The firſt is ever indiſpenſable ; 
the ſecond admits of certain modifications: for the greateſt 
force that fire-arms can produce is not always requiſite z and 
even when it is (Philoſ. Inſtit.) it is better to diminiſh the 
charge, and leſſen the effect of the ſhot, than run the hazard 
of miſſing the object, from the uncertainty of uſing very 
large charges; this needs no illuſtration. Beſide, braſs 
guns fired frequently with large charges are in a few days 
rendered unſerviceable; wheretore the advantages and diſ- 
adyantages attending the ufe of them ſhould be fully weighed, 
as upon the preſervation of the guns may entirely depend 
the ſucceſs of an enterpriſe. | 

109. To apply theſe conſiderations to practice, and com- 
bine the juſtneſs of the range with the neceflary force, and 
with the preſervation of the gun and carriage; the charges 
of powder for ſixteen and thirty-two pounders, ought,neyer 
in the attack and defence of places to exceed half af the 
weight of the ſhot, if the gun be properly proportioned 
(89) and fired at the diſtances ſet down in the ſecond and 
third book of Military Architecture, and the Treatiſe of Ar- 
tillery ; this we will call the largeſt ſervice charge, and ſhould 
only be uſed in caſes of neceſſity : the ſmalleſt ſervice · charge 
ſhould not be leſs than 4 of the weight of the ſhot, and 
the medium charge + or 4 of its weight, | 

The charge for eight and four pounders ſhould vary ac- 
cording to circumſtances,” from ꝛ to 4 of the weight of the 
ſhot : the wads in theſe pieces and in thirty-two and ſixteen 
.4 | pounders, 
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z ſhonld be rammed in proportion to the weight of 
the charge, in order to produce the proper effect; perhaps 
too much force cannot be uſed, provided that the grains of 
powder are not cruſhed and beat ſo cloſe as to prevent the 
fire from penetrating. The charge for richochet and red- 
hot firing, is very ſmall in proportion to the calibre ; it de- 
pends in fieges on the ſituation of the gun, as the diſtance 
from the enemies batteries is the only point to be conſidered. 
The charges for field artillery in general actions, in affairs 
of poſts, in attack and defence of intrenchments, &c. ſhould 
be between + and 4 of the weight of the ſhot, according to 
the calibre and weight of the gun. - 

110. Though our obſervations have been hitherto confined 
to the proper charges for guns; yet thoſe for mortars may be 
eafily aſcertained by knowing the quality of the powder, and 
the torm of the chamber. All the mortars now in uſe, in 
which the communication between the chamber and the 
chaſe is narrower than the greateſt diameter of the chamber, 
as the ſpherical, elliptical, parabolic, and thoſe in form of a 
pear, always range the fartheſt, when the chambers are filled 
with the common cannon powder, and the ſhell cloſely con- 
fined by well ſifted earth rammed upon it; it is clear in this 
caſe that the charge cannot be augmented. Beſide the con- 
- cuffion is more violent, and the ranges are leſs exact, when 
the chambers are not filled ; therefore, to throw a ſhell to a 
certain point, the chamber ſhould- be filled, and the range 
regulated by the degree of elevation, 

111. We will conclude this chapter by ſhewing experimen - 
tally how much the difference in the ſize of the vent affects the 
force of the ſhot. A muſquet was taken g of an inch in 
diameter, and 33 inches in length of barrel, The axis of 
the large ſcrew which cloſes the breech, was perforated with 
a hole „ of in inch in diameter, with ſpiral ſides to receive a 
| ſmaller ſcrew ; one end of the ſmaller ſcrew was armed with a 
little piece of red hot iron, to ſet fire to the powder in the 
barrel; to the other end a winch was fixed to ſcrew it up; 
at the part where the vent Irr- placed, a circular hole 
with ſpiral ſides was drilled „ of an inch in diameter, ta 
which three fcrews were ſucceſſively applied; the firſt exactly 
cloſed the opening, and conſequently forced all the fired 
powder to paſs through the muzzle. The ſecond had in its 
axis a hole or vent n of an inch in diameter, through which a 
part of the fluid might eſcape; and the third had a vent — 

o 
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of an inch in diameter. The ſuet thus prepared was 
loaded each time with 10 drachms of fine powder- put into 


cartridges, and with an iron ball 14 oz. in weight; the wads 


were rammed down with equal force by the ſame man. 

The experiments began by firing the muſquet with the 
ſcrew that entirely cloſed the vent ; it was then fired with the 
ſcrew {+ inch in diameter; afterwards with that of , and at 
length without any ſcrew. The charges were fired by the 
hot iron ſcrewed into the breech : the object was a plank 

at 5 feet from the muzzle of the muſquet. 

The medium of the penetration of the balls in 24 rounds 
is as follows : 


with the vent entirely cloſed - - 6 

In the diſ- J with the vent of an inch in diameter 8 
charges J with the vent n of an inch in diameter = 67 

| with the vent Ii of an inch in diameter = 4 


It reſults from this experiment, that when there is no 
vent leſs powder is fired, and that which does take fire burns 
more ſlowly. If the large vent be left open, and a ſheet of 
paper ſtretched at 2 feet from it, the paper will be pierced full 
of holes by the powder forced through the vent at the ex 
fion. Soldiers firing in line are often pricked in the face by 
grains of powder driven with force from the muſquets on 
their left ; the common opinion that theſe grains are a part 
of the priming is erroneous. | 
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Or Tar FoRcCE OF FIRED GUN-POWDER. 


112. It was ſhewn in the former part of this work that 
the principal properties of powder are ſubject to many mo- 
difications, even in experiments conducted with the utmoſt 
care. How much more important and frequent then muſt 
they be when powder is employed in military operations; 
where, from the nature of things, there can neither be ſo 
much attention paid to prevent irregularities, nor ſo much 

| accuracy 
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in the conſtruction of the machines. In calculat- 
ing effects deducible from phyſical cauſes, a preciſe ſolution 
of the problem can never be obtained; it is always com- 
priſed within limits more or leſs diſtant from the abſolute 
truth, in proportion to the number of cauſes that conduce to 
the ſatheveffe@7:- Conſequently in meaſuring the force of 
powder ſired for, military purpoſes, no preciſion can poſſibly 
be exptRed; and from the nature and number of adventi- 
tious circumſtances, the limits that comprehend the ſolution 
of the problem muſt neceſſarily vary; ſometimes even a ge- 
neral principle will be only applicable to particular caſes. Be 
fides, as artilleriſts frequently prefer obſervations drawn from 
practice to rules deduced from theory, it is neceſſary to divide 
the problem into diſtin& parts, and conſider each of the con- 
ditions ſeparately, in order to combine as much as. poſſible 
theory with practice. In the courſe of this examinatjon ,we 
ſhall prove, that this combination is in all caſes advantageous, 

in ſome indiſpenſable, 4 ; 
Theſe preliminary remarks lead to the ſubjeR of the chap- 
ter. Since the inflammation of the grains, and the total de- 
ſtruction of each is effected ſucceſſively, and in a time pro- 
tionate to the quality of the powder, the ſize of the grains, 
Ke. and ſince on the other hand the force of powder depends 
rincipally on a permanent fluid generated at the exploſion, 
the elaſticity of which is increaſed by the preſence of fire: it 
follows that this force increaſes continually from the inſtant 
that the inflammation commences, till all the powder be 
conſumed,” and then is quickly reduced by the decreaſe of 
heat, to the ſimple elaſticity of the permanent fluid. There 
is then a period when the degree of heat is moſt. intenſe; 
but this varies even in powder of the ſame quality, when 
fired "under different circumſtances, As no general and 
om can therefore be eſtabliſhed, we muſt be con- 
tent with aſcertaining the | gonna degree of force in ons 
cular caſes'y which founded on certain data, may be uſefully 
applied to the various ſervices of artillery. But that none 
of the moſt material points involved in the ſolution of this 
problem may be paſled over in filence, nor any vain hypo- 
theſes and chimerical ſuppoſitions formed; let us in the firſt 
place examine the force of powder in its moſt ſimple ſtate, 
that is, when reduced by the temperature of the air, to the 
elaſticity only of the permanent fluid, and afterwards in its 
moſt complex ſtate, that is to ſay, at the inſtant of 8 pon. 
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- TICITY OF THE PERMANENT . FLUID, GENERATED 
FROM FIRED POWDER, WHEN REDUCED TO THE Tzu- 
PERATURE OF THE ATMOSPHERE. ; 


114. To meaſure the abſolute elaſticity of the perma- 
nent fluid, there ſhould be no communication between the 
powder and the atmoſphere, either during or after the ex- 
ploſion. But it is impoſſible to aſcertain the exact degree 
of preſſure of the fluid in a cloſe veſſel the inſtant after the 
exploſion, as its force is then increaſed by the heat that re- 
mains in the veſſel : nor can a more preciſe know| be 
obtained by delaying the experiment, till the internal air 
be reduced to the ſame temperature with the external; as a 
part of the fluid is abſorbed by the ſmoke and vapour: the 
abſolute force therefore cannot be aſcertained, but the fol- 
lowing experiment will give the moſt accurate approxima- 


uon. 

Fig. VI. This machine ſeparates as much as poſſible, 
the permanent fluid from the ſmoke, ſulphureous va- 
pour, and caput mortuum of the powder, and diminiſhes 
conſiderably the action of the heat that remains in the 
veſſel. y 


AAB B, is a cube of braſs, of which the two ſides A A 


BB are cylinders terminated by portions of ſpheres : 
AA, is made to receive the ſcrew E E of another 
hollow cylinder E D DE. F GL are copper veſſels 
of different ſizes, which ſcrew on to BB; HIH 
is a ſmall cylinder of braſs faſtened to the cube A B, 


by two ſcrews HH; within it is a piſton K, nicely. 


fitted, which by means of the ſcrew I, opens or ſhuts 
the pipe 0 0, * , that communicates between A A, 
BB. MN is a parallellipipedon of braſs fixed 
to the cube HE by the ire M, . the . 
i correſponds to rr, is another 
pech of the ſame meta], hollowed in the form of a 
cylinder; the opening 7 is filled with a glaſs veſſel, 
containing a coloured 1 the ſurface of which, & 
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may be diſtinguiſhed through the glaſs. At the upper 
part of the parallellipipedon is an aperture R, by which 
the external air communicates with the inſide of the 
veſſel. . VW is a long glaſs tube, open at both ends; 
it is attached to a plate of braſs X X which is faſtened 
to 8 R$, and graduated in the ſame manner as a baro- 
meter : y yis a ſcrew made to turn very nicely ig the 
lower part S S of the parallellipipedon S R &, by means 
of which the ſurface & of the liquor contained in 
the glaſs veſſel can be raiſed or lowered at pleaſure, 
When SRS is faſtened to MN N M by the ſcrew 16 

of an iron pipe 2, 3 ſcrewed on to MN NM at 4, 4, 
the hole R correſponds exactly with g : 10, 12, 10 is a 
ſolid cylinder of braſs, with a little cavity 12 to hold 
the powder for the experiment; it is placed in the 
hollow cylinder ED D E, fo that its baſe 10, 10 refts 
upon the ledge 11, 11, in A, 11, A: its diameter 17, 

17 ought to be about + of an inch leſs than the interior 
diameter 18, 18 of the cylinder E D DE: 5, 7,9 isa 
piece of iron that ſcrews into D D at 77; the inſide 
is ſpirated to admit the ſcrew 8, 6, 8 at 5. 

For the ſake of making the experiment with more eaſe, 
the cube AB is faſtened to a circular bar T T of an 
metal, made as high as may be neceffary for the purpoſe 
of applying the different veſſels FG L and ſcrewed on 

| to a table or other convenient place at m m.— 
0 115. For the experiment, apply RS to NN and ſcrew 
| on the recipient FG L to BB. Place the cylinder 
| 10, 12, 10 upon the ledge 11, 11, and having put the 
| proper quantity of powder into 12, ſcrew the cylinder 
| DDt to AA. At 9g of the piece of iron 5, 7, 
| 9 lay a thin ſheet of lead, and when 5, 7, q is ſcrewed 
1 on to DD let fall in 5, q a hot ball of iron, which will 
| be retained at ꝙ by the | of lead. Inſtantly ſcrew 
| 8, 6, 8 into 5 G the handle 13, 13, ſo that 8, 8 may 
exactly fit 14, 14 the point 6 puſhes the iron ball into 
the cavity 12 containing the powder, and 5, q is exact) 
cloſed by 8, 6 before the exploſion can take place. 

When the powder is totally conſumed, draw back the 

piſton K by means of the ſcrew I which opens the pipe 
* Ps elaſtic fluid generated at the exploſion, _ 

s from the upper cavity into the pipe 0 o, paſſes 
erh 53 into BLB; — riſing . 7 7, f. 
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git ome through the hole R into the glaſs veſſel, and 
preſſes upon the ſurface & of the liquor contained in 
it, This I makes the liquor riſe ſuddenly in 
the tube VW, after ſome undulations it fixes at 2 
height proportionate to the quantity of powder. 

116. If the height of the water in the tube when the 
undulations ceaſe be remarked, and the machine remain in 
the ſame ſtate, it will be found on obſerving it, after equal 
intervals of time, that the water continues ſinking; but lefs 
| after the ſecond interval than the firſt, and leſs after the 
third than the ſecond, till at length the alteration becomes 
imperceptible, except a very long interval be fuffered to 
elapſe. At theend of twenty-four hours, the liquor remains 
ſtationary in the tube, affected like the thermometer, only 
by heat. | 

"Theſe undulations ariſe from the fmoke of the fulphur 
and the caput mortuum of the powder, having abſorbed a 
part of the elaſtic fluid: the abſorption is confiderable at 
tirſt, bat its effects gradually diminiſh. On comparing the 
height of the water when it becomes ſtationary with its 
heighth, when the undulations ceaſed, the difference will 
denote the quantity abſorbed by the ſmoke, &c. If the inſtant 
the undulations ceaſe, the communication between the upper 
and lower cavities be cloſed by the piſton K, the water flops 
ſuddenly, and never varies in height, unleſs affected by ſome 
alteration in the temperature of the atmoſphere ; if, after 
ſome time, the communication be again opened, the water 
will ſuddenly fink in the tube, becauſe the elaſtic fluid con- 
tained in the lower cavity, riſes to re-eſtabliſh an equilibrium 
with that in the upper one, a part of which has been ab- 
ſorbed by the ſmoke and caput mortuum. 

117. It will not be amiſs previous to the experiment, 
to make a few phyſical obſervations on the effects obſerved 
above, and give ſome of the motives that influericed the par- 
ticular conſtruction of the machine. When the quantity 
of powder conſumed in the experiment is 435 of t the 
upper cavity could contain, if the cylinder E D E be taken 
off when the machine is perfectly cool, the ſmoke and caput 
mortuum will be found attached to the upper part D D of 
the cylinder E D E, and to the upper 12 of the other 
cylinder 10, 12, 10; the action of the fire will have changed 
the colour of the latter, from its extremity 12, to about one 
third of its length, white no mark of the fire or fmoke ap- 
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at the other extremity A 10 A, nor in the recipient 
GL. This proves that when the communication be- 
tween the two cavities by the piſton K is opened, the elaſtic 
fluid ſpreads itſelf without mingling with the ſmoke ; there- 
fore, the finking of the ſurface of the water in the tube, 
when the communication between the two cavities is open, 
and its ſudden fixation when it is ſhut, can only be attri- 
buted to the abſorption of a part of the elaſtic fluid, by the 
ſmoke. and caput mortuum (116): it was neceſſary then to 
form a communication between the cavities, by this or ſome 

ſimilar contrivance, 15. 
If inſtead of 45; of the powder that the upper cavity 
could contain +45 be burned, the only difference will be, 
that the mark of the fire and ſmoke will deſcend nearer to 
the ledge 10, 11, 10, yet without entering the pipe 00. 
But, if a much greater quantity of powder. be uſed, a part 
of the ſmoke will accompany the fluid into the recipient, 
on the opening of the communication, abſorb a part of the 
fluid, and diminiſh its preſſure on the ſurface of the liquor. 
The cylinder 10, 12, 10, is deſigned to leſſen the action 
of the heat upon the fluid, and preyent the ſmoke from 

penetrating into the recipient ; for, | 
T7. If the powder be fired in A 11A inſtead of 12, 
a part of the ſmoke and caput mortuum, would readily 
' paſs through the pipe % into F GL, and not only 
abſorb a part of the elaſtic fluid, but alſo clog up the 

© Piſton K when wanted to ſtop the communication, 

2. The cylinder 10, 12, 10, increaſing the ſuper- 
ficies of the upper cavity, and the fire acting upon a 
greater number of phyſical points, the heat being thus 
communicated to a larger maſs is leſs, as is ſhewn in 


te iſt part, chap. x. : 


3- As the heat ariſing from the inflammation of the 
powder, and the hot ball is almoſt entirely concentrated 
in the cavity 12, D, E, and conſequently acts upon 2 
part only of the internal air and the elaſtic fluid, it 
increaſes the elaſticity much leſs than it would do, it 
communicated to the fluid and air contained. in the 
whole cavity. This is not only agreeable to the pre- 
ceding theory of fire, but may be further proyed by 
this machine, in the following manner. Having diſ- 
poſed all the-parts of it properly, without putting 


any powder in 12 -open-the. communication, and 2 


þ ore 
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fall into 12 a red hot ball; the heat expands the air 
in the cavity, and makes the water riſe id tlie tube. 

Having remarked its height, take away the eylinder 

10, 12, 10, and — — the experiment, the ball in 

paſſing through ADA to fall into A rr Az: rarifies 

the column of ait that it contains, ſo much that the 
water riſes in the tube 15 or 20 times higher, than in 
the former experiment ; but deſcends ſuddenly, and 
flxes at a point only three or four times higher. 
118. Having explained the conſtruction of the machine, 
the combination of its parts, and the effects that powder 
has on it, is neceſſary to examine; Ars 

1. If the elaſtic fluid can eſcape. This may be 
aſcertained, by condenſing a certain quantity of the 
air in the machine, and obſerving while it is in that 

| ſtate, it the alterations in the height of the water in 
the tube, and thoſe in a thermometer placed near the 
machine, differ. 

2. The quantity of ſaltpetre equal to the contents 
of the upper cavity to the piſton K, and of the lower 
one from K to the ſurface of the water contained in 
the glaſs veſſel taken together ſhould be known. - To 
find this, weigh the quantity of water that will fill the 
two cavities : in our machine, it was equal to 16580 
grains, Now as the ſpecific gravity of water is to that 


of ſaltpetre as 10: 19, the laſt term 291950 expreſ- 


ſes the quantity of ſaltpetre equal in bulk to the con- 
tents of the two cavities. 1 231 

119. To begin a courſe of experiments; put ſo ſmall 
a quantity of powder into 12, that the ſmoke; will not paſs 
from one cavity into the other ; then having properly ar- 
ranged all the parts of the machine, and cloſed the com- 
munication, drop the hot ball into the canal 5, 9, where it 
will be retained by the ſheet of lead. Inſtantly fcrew on 
8, 6, 8 which exactly cloſes up the canal 5, 9 and puſhes 
the ball into 12 to fire the powder: then open the com- 
munication between the two cavities, and when the undu - 
lations of the water in the tube ſubſide, cloſe it again. 
When the water riſes in the tube, the ſurface & in the 
glaſs veſſel ſinks: raiſe it by turning the ſcrew yy, till it 
reaches the point it was at 3 order always to ou 


3 
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the lower cavity in the ſame ſtate. Obſerve the height 

of the water in the tube V W, meaſuring it from the ſur- 

face & deducting the 3 proceeding from the 
h 


attraction of the glaſs. e effects of this attraction are 
known previous to the experiment, by noting how much the 
water contained in the tube, is higher than the ſurface & 
'This experiment ſhould be repeated ſeveral times in the 
ſame manner, with .equal quantities of powder 'of the ſame 
quality, in preciſely the ſame ſtate of the atmoſphere, obſerved 
by a very accurate thermometer; and the elevation of 
the water in the. tube at each time remarked. Neither the 
recipient FG L nor the cylinder E DE ſhould be ever 
touched with the naked hand, but with a folded napkin, for 
the contact even of a finger would in a ſhort time excite a 
degree of heat ſufficient to raiſe the water in the tube. Af- 
ter ſeveral repetitions, take the mean height; thus the va- 
rieties occaſioned by the abſorption of a part of the fluid, and 
the heat remaining in the machine may be accounted. for. 
Call this mean height a, and the mean height of a baro- 
meter filled with the ſame kind of liquor as the glaſs veſſel 


a 
A; the fraction X will expreſs the ratio between the elaſti - 


city of the fluid produced from the powder, and that of the 
atmoſpheric air. | 
120. In ſmall quantities of powder the proportion between 
the ſaltpetre and the other ingredients may not be exactly the 
ſame as in a larger maſs; which in a ſeries of experiments 
may cauſe a conſiderable variation in the elevation of the 
water in the tube, To remedy this inconvenience, grind 
ſome ſaltpetre, ſulphur, and charcoal ſeparately ; weigh the 
ſaltpetre and mix it with ſuch a quantity of the other twa 
ingredients as will moſt quickly conſume it. The mixture 
need not be granulated, as the elaſticity and denſity of the 
fluid are the only objects of reſearch in this experiment; the 
phlogiſton being only employed as the means of decompoſing 
the nitre. | 
x21, The elaſticity of the fluid, though very much di- 
lated in the two cayities is exactly proportionate to its den- 


a 
ſity : thus the fraction -: expreſſing the elaſticity = » will alſo 


EXP reſs the denfity, Now ſuppoſing the contents of the two 
; | = cavities 


as am en OC _ < 
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72 19 * 16580 IVEY -) 
eavities taken together =5=———— (118) = 315022rains, 
10 = d * 


and the ſaltpetre made uſe of in each of the experiments 
then == will expreſs the denſity of the Bull 'contuned in 8 


ſpace=f. But the non-elaſtic ſubſtances m which are in 
the ſaltpetre muſt be deducted from 75, call theit bulk rm; 

Fo | nc 
then rm will expreſs the quantity of the fluid, and Ties 
* 24 — im 
will expreſs the denſity of the elaſtic fluid when confined in 
the ſaltpetre. | : 

122. The ſpecific gravity of the fluid generated from 
nitre is ſuppoſed to be equal to the atmoſpheric air. Then 
ſince the ſpecific gravity of air to ſaltpetre is as 1: 1520, and 
the contents of the two cavities taken together are equal. to a 
quantity of ſaltpetre Sc, the quantity of air in the machine 
(Fig. 6.) capable of producing an effect n equal to that of the 
fluid F m will be repreſented by the expreſſion——. Then 
7 TL and ſubſtituting in this equation the known 


values c= 31502, f=6 grains, n=—, that of n will be 


=4 grains; and as the quantity of elaſtic fluid contained in 
nitre is proportionate to its maſs (57), it will be expreſſed by 


the rao He of the maſs of ſaltpetre. It does not 


fallow, becauſe the ſpecific gravity of this fluid is equal ta 
the atmoſpheric air, that it has all the other properties of it; 
much lefs that it is pure air: For it has been proved in the 
former part of this work, that the greater the rarefaction of 
the air, the more difficultly powder is fired. Now the elaſtic 
fluid generated from the firſt burat. grains not ſupplying, the, 
want of natural air, we muſt at leaſt allow, that at the firſt 
inſtant of its generation it is deprived of the property which 
the aerial fluid poffeſſes, of accelerating the burning of com- 
buſtible bodies. It would be a reſearch foreign to our pur- 
poſe, to enquire whether the elaſtic fluid does or does net 
acquire this property ſome time after its production. 

D4 123. In 
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123. In the * 2-”" (121), if the known values 


of 4 , | 7 m be ſubſtituted, and r= that js to fay, if 
the denſity of the non-elaftic ſubſtances be equal to the den- 


ſity of the fixed nitre, En- 9423 the denſity of the elaſ- 
tic fluid is then 942 times greater when incloſed in the falt- 
petre, than when in equilibrio with the preſſure of the 
atmoſphere. 

124. The quantity and denſity of the elaſtic fluid con- 
tained in ſaltpetre being known, it will be eaſy to find the 
denſity of that generated from a quantity of powder fired in 
a cloſe veſſel. Suppoſe the veſſel be expreſſed by a maſs of 
faltpetre, the weight of which = G; the elaſtic fluid will 


== the non-elaſtic fublances ==>, and their maſs = 


$123). Thus G-. 8. will be the volume 
81 8 81 81 


of the fluid -. 


If the quantity of powder fired in the veſſel G be expreſ- 
fed by Y ＋ p, where h denotes the quantity of fluid contained 
in the powder, and-p the ſulphur, charcoal and fixed nitre ; 
and after the exploſion, the maſs of non-elaſtic ſubſtances 
gp, then the volume of the fluid, after the powder is fired, 


wilt be G— 9p. Now, if the value of this fluid n=", 


its denſity in the volume G—pg would be to its denſity in 


nc nc 43 


438 


the volume * Er nne 


81 
| 43G Foo 1 
94261 = G- But if the volume of the fluid 


3 G. =" So , 
be only h, then the proportion will be —: þ :: Z 


3 
8 the deaſ.ty required. For example, ſuppoſe the veſ- 


ſel 
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G be filled with war powder: From the compoſition of 
this powder p 3b, and a veſſel which could cotitain a quan- 
tity of ſaltpetre = G is filled with a quantity of powder 
Mk EPR Fl A 
riments=to about 2. then uA 3. now ſub- 
ſtituting in the place of h the numbers and values of G and p, 


1500 0 150 6 1500 . 
n — 5 a ene 


I 5 11 : L 

of the fluid ee in 15 veſſel G is equal in this caſe to 

192 times the denſity of the ſame fluid when its elaſticity is 

equal to the mean preſſure of the atmoſphere, * 
125: To determine the elaſticity of the fluid generated 

from a given quantity of powder fired in a cloſe veſſel, one 

of theſe two theorems « rat 


iſt, 9962nSz 2d, 99628 4.— * mx m—n", : a 


may be uſed: the firſt when the denſity of the fluid is leſs 
than 20; the ſecond when it exceeds 20: in the firſt caſe, it 
will be ſufficient to find, according to the method laid down 
in the preceding paragraph, the value of the denfity of the 
fluid, then ſubſtituting this value in the place of 1 in the firſt 
theorem, the preſſure of the fluid againſt a ſuperficies 8 will 
be expreſſed in pounds. In the ſecond theorem, inſtead of 


88 Tur PORCE or 


: 


” - 


CHAP. u. 


Tur Mzruops or MrasurING THE GREATEST Forcr 
OF FIRED PowDER AT THE INSTANT or ExPLos1on 

IN A VessRk THAT CAN NEITHER INCREASE IN SZR 
NOR ALTER IN FORM, 


126. Ir it be ſo difficult to meaſure the elaſticity of 
the permanent fluid in its moſt ſimple ftate, how little rea- 
ſon is there to expect, that its force at the inſtant, of explo- 
fion can be aſcertained with preciſion, when the fluid is 
greatly complex, and when from various cauſes, its elaſticity 
may. be increaſed or diminiſhed, In fact, it is impoſſible to 
define either the quantity of fluid generated at each inſtant 
of the inflammation, the intenſity of the fire, or the manner 
in which it ſpreads and propagates itſelf among grains of 
different kinds of powder, or even of the ſame, when uſed 
under different circumftances ; the degree of rarefaction in 
the common air contained within and between the grains, 
the elaſticity of the ſmoke, and the increaſe of elaſticity in- 
the permanent fluid ariſing from the preſſure of the ſubitan- 
. ces, relatively conſidered as non-elaſtic, when expanded by 
the action of heat, are equally unknown. 

The: ſolution of ſo involved a problem would ſeem to fur- 
paſs human ſkill, fince from the thort duration of the phœ- 
nomenon, the numerous circumſtances that affect it cannot 
be analyſed ;- as no method can be deviſed of afligning the 
exact quantity and force of each, either by ſeparating at the 
inſtant of inflammation the ſmoke from the other parts, 
preventing the expanſion of the non-elaſtic ſubſtances, or 
ahſerving the law in which the fluid is generated. The ut- 
moſt we can do is to aſcertain the greateſt force reſulting at 
the inſtant of inflammation from the reunion of all theſe 
cauſes, by the help of ſuch principles as we may be able to 
eſtabliſh. To avoid entering into too long a diſcuſſion, let 
us ſuppoſe the powder to be fired in a veſſel ſo completely 
filled, that no void ſpace be left, except the interſtices be- 
tween the grains. There are three different caſes in which 
powder may be fired ; 
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1. In a veſſel that cannot increaſe in ſize or alter 
in form, with the vent cloſed at the beginning of the 
exploſion. | 

2. In a ſimilar veſſel, with an aperture left for the 
eſcape of the fluid. OH TAI A 

3. In a veſſel which by the force of the exploſion 
expands or increaſes in ſize, and affords an iſſue to the 
fluid. 1 221 | 

It is evident, that on firing equal quantities of pow. 
der of the ſame quality, in veſſels perfectly equal in 
every reſpect, the degree of force will be greater (113.) 
in the firſt caſe than in the ſecond or third, and in 
the ſecond than in the third. | 

127. The firſt caſe can never occur in the uſes to which 
powder is applied in military operations. The ſecond hap- 
pens ſometimes in the chambers of mines, where the ſur- 
rounding ſubſtances do not yield to the explofion; and in - 
ſhells and grenades, whoſe reſiſtance is ſufficient to put 
them in equilibrio with the action of the powder. The 
third caſe ariſes in the chambers of mines, made in ſub- 
ſtances ſuſceptible of impreſſion, and in fire-arms loaded in 
the cuſtomary manner. 

The principal methods of meaſuring the greateſt force of 
fired powder in the ſecond caſe will be treated of in this 
chapter, and in the ſubſequent ones, the method of mea- 
ſuring it in the third 1 contining our obſervations 
however to its effects on fire- arms; ſince in the third book 
of Military architecture, and in the Treatiſe of Artillery, 
the application of powder to mines is amply diſeuſſed. 

128. To meaſure the greateſt elaſticity of the fluid pro- 
duced from fired powder, it may be compared with the three 
following reſiſtances, the weight, cohefion, and elaſticity 
of bodies. It has been found from experiment, that the 
greateſt elaſticity of powder fired in an invariable veſſel, from 
which the elaſtic fluid can eſcape by the vent (126. No 2.) 
is equal to about 1800 times the mean preſſure of the at- 
moſphere : the machines therefore for meaſuring the greateſt 
force of different powders (.) muſt be capable of a very 
great reſiſtance, and the weight M expreſs the force, very 
conliderable, which renders it ely difficult to conftrat 
— complicated machinery, with the requiſite exactneſs 

a , | 
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1:13 29--If to reduce the weights, or ſimplify the machinery, 
the quantity of powder be leſs than the veſſel could contain, 
the fluid produced at the commencement of the inflam- 
mation, being diffuſed through the whole veſſel, will not 
be expoſed to the ſame degree of heat, as if the veſſel were 
full, and the powder burning in each point. Thus with 
equal quantities of powder, the elaſticity will be in propor- 
tion to the ſize of the containing veſſels; and in veſſels of 
equal contents, in proportion to the quantity of powder. 
Therefore, to aſcertain the greateſt elaſticity from the effects 
of a ſmall quantity of powder fired in a large veſſel, it will 
be to repeat the experiment with different quan- 
tities of powder, till the maximum be diſcovered, 
10. The form of the veſſel ſhould be ſuch, as to admit 
of the powder. being fo collected, that the whole may take 
fare: in the ſhorteſt time poſſible, and act inſtantly upon the 
furface of the reſiſting - body, whoſe motion is to de- 
termine the preſſure of the fluid: For if it be not in contact 
with the mobile, inſtead of an action of preſſure, it will be 
an action of impulſion, and the force communicated will 
be much greater, than is the preſent object of this reſearch : 
to render the experiment conclufive, this circumſtance muſt 
be carefully attended to. 
131. In the common mode of proving powder with the 
ſmall mortar, the weight of a globe is oppoſed to the explo- 
fon: but this method cannot aſcertain the greateſt elaſti- 
city, for the globe being proportionally too light, is put in 
motion before the full force of the powder is ds a 
The eprouvette,. is a vertical machine invented long ago, 
for comparing the force of different kinds of powder by 
means of weight. But to aſcertain (Fig. 7.) the greateſt 
elaſticity, the weight QM N Qs ought to be much heavier 
than it generally is; it ſhould only yield to the impelling 
power When the elaſticity is at its higheſt degree, and be 
raiſed juſt enough to ſhew that it has given way to the action 
of the fluid. The weight may be increaſed or diminiſhed 
at pleaſure, by making it hollow in QS Q and putting in 
any--heavy : ſubſtances that can be unitormly ine as 
- fmall ſhot, &c. which will preſerve. the centre of gravity 
in the vertical axis 8 T of the cylinder: at the ſides of the 
eprouvette two channelled, uprights ſhould be placed fo that 
when the body QUMNQ is raifed, the teeth LL may ſlide 
perpendicularly in the grooves, 


132. The 
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132. The theorem 9962 8 P where n expreſſes the 
elaſticity of the fluid, 2 S the ſurface acted on, ſhews that 
if in this eprouvette the diameter E F of the oylinder be 
2 of a foot, S will be A: then ſubſtituting 1806 in the 
place of u, 9962 n S = 9962 x 1800 x 44x= 230481by4' the 
weight Q M N Q ſhould not be leſs, that it may juſt yield 
to the action of the fluid in its higheſt ſtate of elaſticity z. 
but as ſuch a weight is very ponderous and unmanageable, 
it may be meaſured by a lighter maſs, by leſſening the value 
of 8 without diminiſhing the ſize of the cylinder, as follows : 
133. In the eprouvette AB CD, make a hollow cylinder 
CI rb of ſuch a depth, (Fig. 8.) thaton applying the ſcrew 
GCPDH of a ſufficient length to reſiſt the greateſt efforts 
of the powder, the height G I of the ſpace IK GH be 
nearly equal to the diameter G H. In the centre of the 
ſcrew drill a cylindrical canal OP, and- introduce à pin 
of poliſhed iron of the ſame form, fitting ſo exactly that 
the fluid cannot paſs between it and the ſides of the canal, 
with a ledge at P to prevent its falling into the chamber 
where the powder is lodged; the axis VP of the cylinder 
being vertical, place upon the head of the iron pin a weight 
of which the centre of gravity is in the axis V with teeth 
to flide up and down in the grooves of two uprights parallel 
to VP as in (Fig. 7.) Having filled the fpace G IK H 
with powder, and applied fire by the vent X, the elaſtic 
fluid acting on every point of the ſuperficies, will raiſe” up 
the pin OP, and conſequently the ſuperincumbent weight; 
which may be increaſed or diminiſhed (131) till the force 
of the powder be only juſt ſufficient to raiſe it. The height 
to which it is raiſed, will ſhew the preſſure of the fluid, 
for the weight being expreſſed in tpounds, the value of 5 
is equal to the baſe O in the pin OP. Thus the value 
of x expreſſing the elaſticity of the fluid may be eaſily 
found. 109% 11 nett: 
134. There are different methods of aſcertaining the great- 
eſt — of powder, by the coheſion of the eonſtituetm parts 
of bodies. For example, fill with powder à cylinder of 
homogeneous metal, the ſides of which are of equal thick - 
neſs, ſecure the ends ſo firmly with ſtrong ſerews that 
they will reſiſt the utmoſt force of the fluid, and ſer fire to 
the powder by a ſmall vent made in the middle of the length 
of the cylinder, that the inflammation may be as ſudden and 
general as poſſible. The veſſel ELI 
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y, and the equilibrium between the reſiſtance of its 
fides, and. the greateſt elaſticity of the fluid will be known. 
Tue theorem for finding this equilibrium is 9963 nr = mg 
where y repreſents the radius of the cylinder, m the thick- 
nefs of the fides, 'q the number of pounds requiſite to make 
a breach of a foot in length, whatever be the coheſion of 
the metal that the cylinder is made of. Now as r and m 
are known quantities, and the value of 4 may be known 
by experiments on the pieces of metal broken off from the 
cylinder, by ſubſtituting them in the theorem, the value 
of » which expreſſes the greateſt elaſticity of the fluid will 
be found. It may be obſerved, that theſe experiments ſuc- 
ceed better, when the cylinders _— on than 
neceſſary, and are thinned a little after each diſcharge, till 
they are ſo reduced as to yield to the explolior of the 

wder. | - 
* With the following machine, the elaſticity of pow- 
der may be meaſured upon the principles of eoheſſon. A B 
CD is a cylinder of bronze or iron, (Fig. 9 and 10.) 
within which is a cylindrical cavity EF GH to contain the 
powder, it can be cloſed by means of the ſcrew I E F K equal 
in length to about +5 of the diameter E F, and perforated with 
the vent LM. Put into a cylindrical canal made at G H an 
iron pin OP well tempered and poliſhed to preſs perpendi- 
cularly on a piece of tempered iron QQ, SS is a bar of 
iron thinner in the middle XV than at the extremities, 
which are pierced with two holes, 8, 8, to admit the iron 
legs RT, firmly united to the cylinder AB CD. Below 
the iron bar is laid a plate of lead WW, covering another 
bar of iron VV, and the whole is firmly ſcrewed together 
by the nuts Z Z. On ſetting fire to the powder incloſed 
im the ſpace EF G H, the inflamed fluid preſſes on the head 
O of the pin OP, and conſequently on the piece of iron 
QQ: which reſting on the thin part of the bar 8 8, endea- 
vours to break it; which it effects when the action of the 
— 7 is greater than the reſiſtance of the bar. The plate 

W and the bar VV ftop the iron pin OP when the 

bar is broken; thus EF GH is altered as little as poſſible. 
Repeat the experiment with an equal quantity of the 
fame powder, but make the bar 8 S at each time of a diffe- 
rent thickneſs in X V, till it yields with great difficulty to the 
action of the fluid; then apply a bar equal in thickneſs to the 
laſt, and raifing the machine by the trunnions 10, 10, faſten 
it 
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| at a proper height; ſuſpend from os by the hooks 12, 12, 
and the chain 11, 2 baſon loaded with di ' weights till 
the bar breaks, The weight neceſſary to overcome the co- 
heſion of the bar 8 8 being thus known, in the theorem 
99628 = put its value expreſſed in pounds, and ſubſtitute 
in the place of S the value of the pin O P, then the value of 
will be found. 

136. This machine may be combined in another manner. 
Inſtead of the canal O P, and the other parts placed below 
CD; 2, 3, is a cylindrical cavity, which is exactly filled with 
an iron pin 2, 3, in contact with an iron plate, 5, 5, let 
into the thickneſs of metal of. the cylinder, the exterior ſide 
of which, 4, 4, is even with the 1 — of the cylin- 
der. 6, 7, is an iron ring which goes round the cylinder 
ABCD, fitting it exactly * to 2, 3, and ſo pro- 
portioned that the interior ſurface touch the plate of iron 
4, 4. After each diſcharge, the ring is filed in the part 
7, 7, till it gives way to the action of the powder; taking 
care to place the machine contiguous to a ſolid body, that 
it may confine the plate 4, 5, and 2, 2, after breaking the 
ring, for reaſons already pointed out. The proper thick 
neſs for the ring having been determined, find the weight that 
cam break another ring of the ſame metal and equal to it in 
thickneſs ; for this purpoſe, apply the ring to a ſhort cylinder 
of hard wood of proper dimenſions; let the plate 4, 4, be 
longer than the wooden cylinder that the iron hook O, x x, O 
may be hung on the ends. Make uſe of the ſame plate, 
4, 4, and the ſame ring, that the part which preſſes the 
ring may not be altered in form from the action of 
the weight that is to break it. When the weight = P is 
thus found, to know the elaſticity = = ; à particular the- 
orem muſt be conſtructed, in which muſt be inſerted the 
values of the pin 2, 3, of the radius of the interior circum- 
fererice of the ring, and of the thickneſs of metal at the part 
where the ring broke. ; 97 ale 

137. Itreſults from theſe experiments (133,134,135) that 
if a veſſel be Killed with ſmall-grained powder without being 
compreſſed, the greateſt elaſticity =» will be equal in dry 
weather to 1900 hundred times the mean preſſure of the at- 
moſphere, and only 1400 when the air is much loaded with 
vapour; powder is therefore a kind of aerometer. 
In this machine the diameter and height of the hollow cy - 
linder were each © an inch, and the contents 9 
1 5 rom 


— r 
. — 


— 


—_— 
— — — 


— 
— 


- — > 
— — 


SE In — > 


— 
— 


—  —  —  ————— ———— —_—  — — 
= = — - A m 3 By = * 42 « L's = 


— N P=c 
— — — — — 


64 THE FORCE or 
From the principles eſtabliſhed in the former part of this 


work, it may be inferred that by increaſing to a certain point 


the ſize of the veſſel, and filling it with powder without in- 
ereaſing the ſize of the vent, the . of the powder will 
be much greater than that found by the laſt experiments, as 
the fire will be more intenſe, and leſs of the elaſtic fluid in 
proportion to its maſs will eſcape. To aſcertain to what 
ee the elaſticity will increaſe when powder is fired in a 
v 0 with the vent cloſed, a ſimilar method may be uſed 
111). | 
( Fis. ix. Perforate the ſcrew TEFK with a canal LM, to 
receive the ſcrew G&, which may be turned with velo- 
city by the winch NN. The ſcrew G&, muſt be longer 
than the canal LM, that as ſoon as its head exactly 
nds with the ſuperficies IK, the point & whic 
has been heated red hot, paſſing through the orifice M, 
may fire the powder contained in EFGH, 

138. From theſe methods of proving the force of powder 
by weight and coheſion, added to the obſervations on the ſub- 
ject in the Philoſ. Inſtit. there will be no difficulty in apply- 
ing elaſticity to the meaſurement of this force (127). A 
ſpring ſtrongly bent oppoſed to the movement of the iron 


pin will ſuffice for this purpoſe ; but the greateſt force of the 
poder ought only to increaſe the tenſion of the ſpring enough 
to make an impreſſion on ſoft wax, or ſome ſimilar ſub- 


ſtance. | 

139. We will conclude this chapter with remarking the 
difference obſervable in the activity of fire on burning 
equal quantities of powder in veſſels of different ſizes. Fit a 
ſcrew EMNF to the part CDHG of the eprouvette, (Fig. 
8.) and perforate it with a ſmall canal TV; at the bottom 
of the ſcrew make a cavity in form of a troncated cone 
MRSN, and fill it with tin perforated through the middle, 
ſo as not to ſtop up the cavity TY : having cloſed the vent 
XI, and filled GI with powder, apply the ſcrew EFMN, 
and ſet ſire to the powder by IV, through which all the 
elaſtic fluid muſt of neceſſity paſs. On unſcrewing EFMN, 
a part of the tin will be found melted. To collect the quantity 
melted in this experiment, a roughplank ſhould be placed about 
a foot diſtant from TV, and after the exploſion, the melted 
ſubſtance will be found ſticking to it. On burning the ſame. 
quantity of powder in a veſſel much larger, the tin will not 
melt, and if it be burned in the open air upon a ſheet of pa- 
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per; the paper will ſometimes be but little damaged; :j This 
difference of effects proves how much the actixity oi the fire 
varies ; hence, alſo the elaſticity of the fluid mavſt, have al- 
tered conſiderably during the courſe of theſe experiments. 
This wilt explain the reaſon why fire-arms ſoon become 
heated,* and the vents enlarged after firing ſeveral rounds 
with wads ſtrongly rammed ; while the ſame effects do not 
take place when the wads are lightly rammed, though the 
ſame quantity of powder be uſed with the fame intervals of 
time between the diſcharges. l 
By the experiments with the ſcrew EF MN, the metal beſt 
adapted for making bouches for guns might be aſcertained. 
Make a troncated cone of each of the metals intended to be 
proved, afid place it in MNRS; that which ſuſtains. the 
action of the powder, with the leaſt alteration, is the beſt, 
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Or run MoprricArions ,iv THE GENERATION. or 
THE ELASTIC FLUID IN THE CYLINDRIC Box or 
Fix E-AxMs, WHEN. AN OBSTACLE Is PRESENTED TO 

\ IT's PASSING THROUGH THE. MOUTH OF THE PICA. 


140. V \ HEN the eharge is not too ſmall, ,nor the gun 
too long, the ſhot in paſſing from the charging cylinder tothe 
mouth of the piece is impelled by freſh elaſtic. fluid, which is 
continually generating. This accelerated motion is rhe ef- 
fect of the preſſure of the fluid, whenever the ſhot, has heen 
ſtrongly rammed upon the powder; when it encaunters other + 
obſtacles as in rifled barrels ; or, when at the;commences!. 
ment of its motion, the reſiſtance is equal or ſuperior to 
the impulſion of the fluid, which endeavours to; expand itſelf 
| towardst he mouth of the piece. But if there be na-refiftance ; 
or only ſuch as the impulſion can eafily overcome, as, when. 
the charge is not wadded, or but lightly ; or when the wad. 
over the powder. is made of ſubſtances eaſily penetrable by the 
elaſtic fluid, as twiſted hay or ſtraw, the movement will then 
be the effect of impulſion. In the firſt caſe the veloeiy at 
each point of the length of the bore. is in the ſubduplicate 
ratio of the ſuperficjes, that expreſſes the ſum of the preſſpreg- - 
in the ſpaces paſſed through 2 ſhot; but in the 


* 
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it is compounded of this ſubduplicate ratio added to the con · 
ſtant quantity communicated to it by impulſion. (Philoſ. In- 
ſtit.) The former as being of moſt general uſe (109) merits 
the firſt attention. 

141. If the law of the generation of the fluid were con- 
ſtant, and the intenſity of the fire uniform, the ſcale of preſ- 
ſures might be eaſily determined, and applied to fire-arms of 
all calibres; but theſe are ſo modified from a variety of 
circumſtances, that the reſult of all experiments affords a 
ſolution adapted but to particular caſes, Before we deſcend 
to particulars, let us examine under a general point of view 
the modifications that ariſe from the different degrees of 
reſiſtance oppoſed to the fluid; and adduce a few ſimple 
experiments to demonſtrate that the production of the fluid 
varies according to the reſiſtance oppoſed to its exploſion. 

142. Theſe varieties ariſe not only from the maſs of the 
ſhot and wad, but alſo from their friction againſt the part of 
the bore contiguous to the charge. T's increaſe the friction, 
they make uſe of wads that enter with difficulty into the gun, 
and are ſtrongly rammed upon, the powder. By thefe means 
the powder is collected into a very ſmall ſpace cloſe to the 
vent, and burning with more rapidity, the force of the fluid 
is greater; provided that a ſuſſicient interval be left between 
the grains for the propagation of the fire. 

143. Some dry reeds were cut into lengths and placed in 
three rows, each was numbered; and No. I of the firſt row 
was of the ſame length and diameter as No. 1 of the other 
two rows; and fo of No. 2, 3, &. They were charged 
with. a quantity of muſquet powder equal to one diameter ; 
thus the three of the ſame number had an equal charge. A 
bit of rag was lightly preſſed into thoſe of the firſt row; over 
the ſame kind of wad a leaden bullet was put in thoſe of the 
ſecond row; and into thoſe of the third, a ſimilar wad was 
ſtrongly preſſed without a bullet. The exploſion burſt all 
the reeds ih the third, and more than half of thoſe in the 
ſecond row; but thoſe in the firſt remained entire, though 
they were fired four or five times in the ſame manner. Ef- 
fects almoſt ſimilar took place in ſmall tin guns I of a foot in 
length, and equal in diameter to a ball weighing + of an 
ounce. | | 

Now the only difference between theſe diſcharges was in 
the reſiſtance oppoſed to the iſſue of the fluid through — 
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produce very conſiderable modifications in the production of 
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mouth of the piece; the weight of the bullet in the ſecond 
row, and the increaſe of friction in the third making the 
reſiſtance greater than in the firſt : whence, the greater the re- 
fiance the greater quantity of the fluid is produced; and it 
may be further inferred from theſe experiments, that the reſiſt- 
ance from friftion may exceed the reſiſtance proceeding from 
the Vis Inertia of the bullet. The uſual method of blow- 
ing rocks, proves how powerful a reſiſtance friction preſents : 
The miners after drilling a hole 6 or 8 inches deep, fill 
about half of it with powder, and the remainder with earth 
ſtrongly compreſſed ; and ſet fire to the powder by a little 
ſauciſſon that paſſes through the earth. The friction and 
the adheſion of the earth to the ſides of the hole are ſo great, 


that the powder not being able to force a paſſage burſts the 
rock 


144+ In the preceding experiments it was proved from 
the reſiſtance of cannon, that the elaſticity of the fluid is in 
proportion to the obſtacles oppoſed to the exploſion z this 

will be further demonſtrated from the velocity of the ſhot. 
Fic, XI. Take three piſtol barrels equal in length 
let the bores of two of them be exactly of the ſame 
diameter, but that of the third equal in diameter to the 
other two only in the part AB, which contains the 
charge, and diminiſhing in diameter from B to C, fo 
that the leaden bullet P cannot paſs into BC without 
changing its form. To load this laſt piſtol, which we 
will call No. 3. unſcrew AF, and holding the piſtol 
vertically, put in the bullet and as much powder as will 
fill the chamber to A and all take fire ; then ſcrew on 
AF: put into the other two piſtols equal quantities of 
powder of the ſame quality, and bullets of the ſame 
diameter and weight as in No. 3; in No. 1. preſs a 
wad lightly over the powder ; but in No. 2. ramdown 
a very high wad, to touch the powder but not to com- 
preſs it ſo as to diminiſh its bulk, which ſhould be equal 
in the three barrels. On firing them againſt the ſame 
butt, the bullet from No. 2 will penetrate deeper than 
that from No. 1; and the bullet from No. 3. much 
deeper than that from No. 2. ; the bullet of No. 3. 
will penetrate as deep as a bullet fired from a piſtol twice 

or thrice as long and charged as No, 1. 

145. Having thus ſhewn that alterations in the reſiſtance 
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the fluid, in proof of which many other experiments might 
be adduced, let us now examine them; and for the ſake of 
rendering the reſearch Jeſs difficult, ſuppoſe ; | 
1. That the charge is always collected together in 
the ſame manner at the bottom of the cylinder; the 
gun always fired in the ſame direction; and the reſiſtance 
oppoſed to the exploſion expreſſed by the weight of a 
lindrical body, of a calibre exactly fitted to the bore 
of the gun: then the reſiſtance will be in proportion to 
the length of this body. ES 
2. That all the grains take fire, but are not totally 
conſumed before the reſiſting body begins to move; 
which experience proves to be the caſe with moderate 
charges, when a ſufficient reſiſtance is oppoſed to the 
exploſion. 
Fig. XII. Let the part AE in the cylinder ABCD, 
cloſed in AC, be filled with powder; and R expreſs 
the reſiſting body contiguous to the powder in E. If 
all the claſſic fluid be generated before the body R be- 
gins to be ſenſibly in motion, and in paſſing from E to 
Fes the ſame degree of heat; the preſſure of the 
fluid in AE would be the ſtrongeſt poſſible. Expreſſing 
this preſſure by the line EF, drawn at right angles to AB, 
the preſſures of the fluid in the ſpaces AH, AG, Al, 
will be expreſſed by the perpendiculars HL, GM, IN, 
&c, which with EF will reſpectively be in the reciprocal 
ratio of the diſtances AE, AH, AG, Al, and a line 
paſſing through the extremities F, L, M, N, O, will 
| be an equilateral hyperbola between the aſymptotes AB, 
AW; ſuppoſing the fluid to be ſubje& to no other mo- 
dification than expanſion. | 
146, It has hitherto been ſuppoſed that all the elaſtic fluid 
is generated befote the projectile begins to move, and that 
the intenſity of heat cauſed by the entire conſumption of the 
powder ſuffers no diminution. But the ſecond part of this 
ſuppobtion is evidently impoſlible, for in powder of a good 
quality all the fluid is not diſengaged before the whole of the 
nitrous and combuſtible particles are conſumed, the heat muſt 
therefore decreaſe, as ſoon as the fire is extinct, in proportion 
to the expanſion of the fluid. Wherefore, the preſſures in 
the points H, G, I, K, will be neceſſarily leſs than the cor- 
reſponding perpendiculars HL, GM, IN, K O, &c. The 
firſt poſition is only admiſſible when the reſiſtance of the _ 
is 
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R is equal to, or greater than the greateſt preſſure of the fluid 
in AE: but if R be not capable of reſiſting the action of the 
fluid, it will begin to move towards B. as ſoon as there is a 
ſufficient quantity of elaſtic fluid produced to overcome its 
reſiſtance. Thus, not only the preſſure on each phyſical 
point of the ſpace ACE will be expreſſed by a right line 
ſhorter than E F; but if the weight of R be ſo diminiſhed, 
that it makes the leaſt reſiſtance poſſible, the line that will 
expreſs the preſſure of the fluid when R begins to move, will 
be. ſhorteſt of all the lines that can be drawn between E 
and F. ; 

147. The column of air contained in the bore of the gun, 
and communicating with the external air, is the leaſt reſiſt- 
ance- which can be oppoſed to the expanſion of the fluid, 

Now expreſling by E V the preſſure of the fluid that begins 
to move the reſiſting body, and by H T its prefſure in the 
ſpace A H, the line H T will be longer than a fourth r- 
tional ta AH, A E, EV, ſince the fluid in paſſing from 
E to H is continually acquiring greater elaſticity from the 
ſucceſſive generation of freſh matter. It will be the ſame 
with the lines that expreſs the preſſure in the ſpaces A G, 
AI, &c. till the powder be entirely conſumed: thus the line 
VTS 2 paſſing through the extremities of theſe perpendicu- 
lars, will be a ſcale to determine the limit of the weakeſt 
preſſure that the fluid can exert in the ſpace ABCD, 

148. But when the powder is entirely conſumed, the 
portion between the lines that expreſs the preſſure of the fluid 
will be changed. Suppoſe that all the grains are conſumed 
when the fluid reaches I, and that the preſſure in the ſpace 
Al be expreſſed by I 2, this line will be neceſſarily ſhorter - 
than IN; for according to ſuppoſition, IN repreſents not 
only the effect of all the fluid, but alſo of the greateſt degree 
of heat that can be produced by the entire conſumption of all 
the combuſtible ſubſtances : but in I 2, if the maſs of the 
fluid be the ſame, the degree of heat is leſs, whence its elaſti- 
city and of courſe its preſſure will be leſs : the ſcale VTS 2 
can never touch the hyperbola F LMN O, which may 
therefore be conſidered as the limit of the greateſt preſſure of 
the fluid, When the fluid reaches K, the preſſure K Q will 
be leſs than a fourth proportional to AK, AI, I2; for 
as no freſh fluid will be generated between I and K, and the 
heat is decreaſing, the elaſticity will be leſs. At 3 and the 
ether points in fucceſſion, the ſame reaſoning will hold good. 
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The ſcale of preſſures VT S2 Q beginning to form a curve 
at 2, the part 2 Q P will always approach the right line A 
B, till the fluid be equal in elaſticity to the atmoſphere; to 
eſtabliſh this equilibrium the gun would require to be of a 
—. great length, if no part of the fluid could eſcape through 
e vent. f 

149. The ſcale will neceſſarily diverge from V towards 2; 
afterwards it will continue to diverge from, become parallel 
to, or converge towards A B, according to the quality of the 
powder, and other circumſtances that tend to modify its 
effects. | 
150% A greater number of grains are conſumed in A E, as 
the reſiſtance of R is the greater (145) ; thus the heat being 
increaſed in this part, the powder will be conſumed more 
rapidly, and the nearer to AE, will be the point where all 
the combuſtible ſubſtances are conſumed. The true ſcale of 
preſſures will then be between the aſſigned limits (147, 148, 
149), without touching them, till the powder be totally con- 
ſumed. No general rule can be laid down for the proportion 
in which the increaſe of heat accelerates the burning of the 
powder in paſſing along the bore of the gun, from the many 
circumſtances that concur to modify its effects, and the im- 
poſſibility of aſcertaining ſome of them. Vide it part. 
"451. The preſſure of the fluid in AE being proportionate 
to the reſiſtance of R; if the weight of R remain the ſame, 
the preſſure by which it will be ſet in motion without regard to 
the more or leſs rapid production of the fluid will not vary, 
whatever be the quantity and quality of the powder. 

152. But the preſſures in the ſpaces AH, AG, Al, 
will be modified, not only by the quantity of elaſtic fluid 
generated in A E, but alſo by the quantity and quality of 
the powder and the ſize of the grains. Suppoſe that the 
charge A E has given a ſcale of preſſure X Y Z (Fig. 13.): 
reduce AE to KE and fill K E with powder of the ſame 
quality, and equally collected as A E; there will be the ſame 
preſſure EX, if R preſent the ſame reſiſtance (151). But 
in the ſpaces K H, K G, the preſſures HL, G M will be leſs 
than HV. GZ. This equality of preſſure E X in the two 
charges ariſes from the ſame quantity of fluid being generated 
in the two ſpaces AE, K E before R began to move: if 
no 'freſh fluid were produced between E and H, pa 
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AE 
EH= AE, and KE=—, 29 of the charge AE 
2 


in the ſpace A H, would be to the preſſure of K E in the 
ſpace H K as ＋ : : 3: 23 ſince the elaſticity is in 


proportion to the denſity, But between E and H a freſh 
acceſſion of fluid is produced in both charges, and the greateſt 
quantity in the largeſt charge; ſo that the preſſure of the 
ſmalleſt charge in KH will be proportionally lefs than the 

preſſure of the larger in AH; the ſame may be obſerved of 
62, GM. If, on the contrary, A E be increaſed to E P, 
and filled with powder of the ſame quality, and equally 
collected as before, the reũſtance of R remaining the ſame, 
the preſſure of the fluid E P will always be equal to EX; 
but the preſſure in PH, PG will be expreſſed by H Ns GO 
longer than the correſponding lines HY, G Z. 

153. On firing two powders of different qualities, AE 
and R remaining the ſame, the _ of preſſures produced by 
the firit kind of powder being X VZ, that produced by the 
ſecond will likewiſe begin = (151 * but the remainder of 
the ſcale will paſs above or helow X VZ, according to the 
rapidity with which the poder is conſumed in equal times, 
or to the greater or leſs production of the fluid, 

154. From theſe remarks may be deduced the difference 
between two ſcales that expreſs the preſſures of the fluid in two 
guns of different calibres, charged with proportional quantities 
of the ſame kind of powder. 

Fic. 14. Let AB CO, DH M, be the cylindric 
bores of two guns, the calibre D M of the one 7 the cali- 
bre D of the other: expreſs D M by D and DB by d; 
then the reſiſtance of the ſhot contiguous to the pow- 
der in N will be as D*: 45; and the charges HN, 
CN will be in the ſame proportion: the perpendiculars 
that expreſs the preſſures N V, NX, will be as D: 4; 
that is, as the diameters of the ſhot. For the number of 
phyſical points in the ſuperficies of the ſhot againſt 
which the elaſtic fluid acts, is in the duplicate ratio of 
the diameters, that is as, D* : 4*, thus, in the ſtate of 
equilibrium N V x D* = D* and NX x d. = 4 5 
then NV: D:: NX: d, and by tranſpoſition NV: N 
X:: D: d. But the ratio between the correſponding 

E 4 ordinates 
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ſcale of preſſures will be the line K H 
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ordinates LI, L Y will be greater than between NV, 
NX; for ſuppoſing the fluid in the ſpaces HP N, 
ACN to have the ſame degree of elaſticity, and the 
- freſh. fluid. produced by the ſucceſſive inflammation of 
the grains between N and L to be proportional to the 
charges, a greater preſſure would be exerted in HP L 
than in A C L, as the fluid is more denſe in the former 
than in the latter: but the preſſure in HP N is already 
greater than in A CN, ſince they are in the proportion 
of NV to NX. Thus the preſſures being greater, and 
conſequently the fire being more intenſe, a greater quan- 

_ tity of elaſtic fluid will be generated in the larger cylinder 

between N and L; and at L its preſſure will be much 
greater than that in the ſmaller cylinder at the fame 
point; conſequently the ratio of LIto L V, will be 
greater than of NV to NX. This reaſoning is equally 
applicable to the point D in both cylinders : hence it 
may be inferred that the point where the powder is to- 
tally conſumed, is under the preceding circumſtances 
much nearer to the place occupied by the charge, in 
guns of large than of ſmaller calibre. 

155. When the preſſure EX is equal to the reſiſtance R 
this latter may be expreſſed by (Fig. 15) EX; and will be 
proportional to the height of the reſiſting cylinder (145, No. 
I) in guns of the ſame calibre, or to the diameters of the 
ſhot in guns of different calibres. With low wads not rammed 


with force, the line X F Z expreſſing the ſcale of preſſures 


will from the beginning ſenſibly diverge; but with wads 
ſtrongly rammed, the Fiction 2 the reſiſtance, the 

in which the firſt 
preſſure E K is greater than EX, in proportion as the friction 
of the wads exceeds their weight; and all the ſcale K H Y 
will be farther diſtant from the axis E G than the ſcale X F Z: 
but though at the commencement of its motion K HY di- 
verges. more from EG than X F Z, yet it ſoon converges 
towards it; thus its greateſt ordinate is much nearer the point 
E, than the greateſt ordinate of the ſcale X F Z. 

It would be too tedious to enter into a detail of the ſeveral 
experiments that might be made in confimation of what has 
been advanced ſince the 1 50 paragraph; the reader by a little 
reflection will readily diſcern the principles on which our rea- 
ſoning has been founded; and from the ſequel, a fimple 

practical 
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— 9 method may be deviſed of proving their force and 
J 156. Since the cylindrical bore of fire · arms ſhould be in 
equilibrio with the action of the fluid generated from fired 
powder, the thickneſs of metal muſt at every point of their 
length be proportioned to the ordinates of the ſcale of preſſure: 
this may be reduced to the four following caſes ;' _ 

1. When the ſcale is parallel to the cylinder, the 
thickneſs of metal ſhould be the ſame thronghout the 
whole length of the gun. | 

2. The ſcale may diverge from the axis A E G in 
'advancing from E to G; or after diverging it run 
parallel to the axis; in both theſe caſes there ſhoùld be 
the ſame thickneſs of metal from the breech to themuz- 
zle, ſince the ſides muſt be in equilibrio with the gteateſt 
ordinate, the 215 

3 f. It may from the point E diverge from the axis to 
a certain point, and then converge towards it; in this 
caſe, the metal ſhould be of equal thickneſs to the point 
of the greateſt ordinate, with which it muſt be in equi- 
librio; thence it may diminiſh in the ratio of the cor- 
reſponding ordinates. N 

4. It may from the point E continually 
towards the cylinder; then the thickneſs of metal ſhould 
diminiſh proportionally from the breech to the muzzle. 

157. The entire ſcale of preſſures can be deduced from the 
thickneſs of metal only in the fourth caſe; in the third caſe, 
that part of the ſcale only is known that conv towards 
the cylinder; in the two firſt, the greateſt of the 
fluid is only pointed out. 71.4 1 

158. In muſquet scharged with fire-work, fowhng, or can- 
non powder, and the wads well rammed, the ſcale of preſ- 
ſures is found to correſpond with actual experiment in the 
fourth caſe; and likewiſe in the third, if the wad he rammed 
with leſs force; ſince the greater this force, che farther from 
; where the charge is lodged, is the greateſt ordinate'bf the 
cale. 8 ws. e 

In the following chapter will be pointed out the method of 
determining experimentally the ſcale of preſſures in flre- arms 
of all calibres. 4 | err Votes 
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CHAP. IV. 


Or THz IxTITI AI Vetocity of PrOJECTILES, AND 
THE Law UNDER WHICH THEY ARE IMPELLED 
FRom Fire-ARMS OF CYLINDRIC Boks, 


159. 'Th ERE are three methods of determining the 
initial velocity of projectiles: by deducing it from a know- 
ledge of the line they deſcribe in their flight; by meaſuring 
it inſtrumentally near the muzzle of the gun; or by a third 
-made, which may be adopted whenever the thickneſs of 
metal is proportional throughout the length of the cylinder 
to the preſſure of the fluid. The firſt method has been 
already treated on (P hiloſ. Inſtit. ) and there will be occaſion 
to mention it again in the following chapter ; the ſecond and 
third will be for the preſent the objects of conſideration. 
160. Benjamin Ropins, an Engliſh Engineer, was the 
firſt perſon who thought of applying inſtruments to meaſure 
the initial velocity of a ball of ſmall calibre, near the mouth 
of the gun. His method conſiſts in firing againſt a pendu- 
lam, moveable upon its axis of ſuſpenſion, which deſcribes 
-an arch proportionate to the ſhock of the ball, "The exact 
meaſure of the chord of the arch, the weight of the ball and 
. pendulum, the centre of gravity and oſcillation, and the 
diſtance from the axis of motion to the point of impact, ſhew 
the abſolute velocity with which the ball impinged on the 
pendulum. 
he Fio. 16. To apply this inſtrument C E for meaſur- 

ing the initial velocities of balls from muſquets or wall- 
pieces; it ſhould be made of iron, and hung at right 
angles to the axis of ſuſpenſion A B, which muſt be 
about à foot in length; to DE is ſcrewed a plank of 
about nine inches ſquare, and of ſuch a thickneſs that 
© the ball cannot penetrate to the iron. For the ex- 


periment, the pendulum is ſuſpended (Fig. 17.) from 


a triangular frame; underneath it, is placed a-piece of 
wood cut in the arch of a circle, of which the circum- 
ference is deſcribed from the centre C with a radius 
greater than CE; and in the plane of the 8 


* 
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the pendulum, a ſtylette F is faſtened in E, to trace upon 
the fine duſt, with which the circumferene G K H is 
covered, the arch defcribed by the firſt vibration of the 
pendulum. Inſtead of the arch of the circle, Ronins 
uſed a ribband attached to E, which the motion of the 
pendulum drew between two iron plates fixed to a wooden 
bar that was between the legs of the frame, and mea- 
ſured the arch deſcribed by the pendulum, by the 
length of the ribband drawn between the plates. 
161. The inſtrument being placed as above directed, if 
we know ; Es 
p 1. The weight P of all the parts of the pendulum. 
2. The diſtance from the point C in the axis of 
g —_— or motion to the centre of gravity L, ot 


C = d. 

3. The diſtance from C to the centre of oſcillation 
M, or CM d. 

4+ The length CF=b of the radius with which 
the arch G K H is deſcribed. 

5. The weight of the ball g. | 

6. The chord of the arch = c deſcribed by the 
firſt vibration of the pendulum, and meaſured upon 
GK; then the motion communicated to the pendu- 
lum, and conſequently the velocity with which the ball 

impinged on it will be found. 

Find the diſtances CL, CM: it is proved, (Philoſ. Inſtit.) 
that the vis inertize of a body moving freely round its axis, 
is equal to the product of its weight multiplied by the 
diſtance from the centre of gravity to the axis of motion, 
and by the diſtance- from the centre of oſcillation to the ſame 
axis; and the quantity of its motion is equal to the product 
of the vis intertiz multiplied by the velocity of the pendulum, 
which is equal to the ſquare root of the verſed fine of the 
arch deſcribed by the centre of oſcillation, 

Fire a ball againſt the centre of oſcillation M. To find 
the velocity cotnmunicated to this point, make the propor- 


tion 5: 614g the laſt term is the chord of the arch de- 
e ; x | 6 has 

ſcribed by this point : The verſed fine of which is = and 
the uniform velocity of M during one ſecond will be 
' : F | 64. 30.64 


V 
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2 Ges 25 V/ 555784 (Philof, Inſit.) which mul. 
tiplied by the weight of the pendulum and ball, fince this 
—_ not rebound, i. e. by Pad+ ga®, will give 7 » Pad+ 74 


.x V 32. 18d for the quantity of motion. Let « be the 
uniform velocity with with the ball impinged on the pendu- 
lum; as from the moment it entered the pendulum, it fol- 
Jowed the direction of its motion, gd* will expreſs the 


quantity of the, motion of the ball: thus in a fate of 


equilibrium 29d == x Pad+gd* V 32. 18d, and u = 


ex PT. hd 
= — 2 will be the velocity ſought. 


1562. In the ſecond place, let the ball ſtrike a point D, not 
in the center of oſcillation: (Fig. 18) then if F expreſs the 
perpendicular diſtance from the point D to the axis of mo- 
tion, and x the uniform velocity of this point, the quantity 


of motion of the point D will be x x Pad+gf*, and if the 
ball impinged on the pendulum with the velocity , its quan- 
tity of motion will be ugf*. Then the equation will be 


* ad + gf *= nf, undo =p Now as the 
motion of 'a-pendulum is as great, as if its whole maſs were 
united to the centre of oſcillation, and as this centre changes 
whenever, the ball impinges on any other point; by expreſſ- 
ing its diſtance from the axis of motion by the vis inertiz 
Pad + gf* divided by Pa + gf, the diſtance of C G from 
the point G taken as a new centre of oſcillation to the axis 
i X 
of motion vill be C G = . But the radii CD, 
CG, are proportional to the velocities of the points D, G, 
ſince they deſeribe the archs D O, G H in the ſame time; 


then C D CG JE the velocity of the 
= XxX = weft: > * 

point N= x Fa yr 1 to the * of the * 
— u FREY : 

G f Vt UN where G I expreſſes the 


verſed fine of the arch G H, To 
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To find the velocity 1 with which the ball impinged on 


the pendulum, another value of V 64. 36 GI muſt; be 
ſought : As the chord = c of the arch F GH deſcribed, by 
the ſtylette, and radius CF = are known, the verſed fine 


of this arch will be Z. Then radius C F is to its verſed 
fine as radius C G is to its verſed fine G I or 
„ Pad + ogf* 3 Pad + of* | 
ER Io. Oo ONT 
and thus the uniform velocity of the point G will be ex- 


preſſed by i, 64:36 , Fad+9/* and on com- 


26* Pa +gf 
paring the two expreſſions of theſe velocities 


1 Pad . and 2 
TIT; Vun 2 


A ET, . the velocity ſought. . 

163. The weight and length of the pendulum. ſhould be. 
ſuch that its vibration may not deſcribe an arch of more than 
five degrees; and as the balls fired into it increaſe its weight 
and alter the centres of gravity and oſcillation, the values of P. 
«, d. ſhould be corrected after each diſcharge. 

164. S0. Marrzi, mathematical inſtrument-maker to. 
the King, has invented a machine for finding e 
the initial velocity of balls meaſured near the mouth of the, 
gun, 


Fic. XIX. A B is a horizontal wheel with 2 cel 


axis CD turned by the weight Q, appending to che 
rope G G and raiſed by the winch N. It ir be turned, 
perfectly 


in any other manner, provided that its motion | | 
uniform and rapid. AE, BF is a circular band of 


writing paper about 6 inches high, fixed round the cir-. 


cumference of the wheel, The gun for the experiment 


is immoveably fixed at 20 feet diſtance, and pointed ſo 
that the axis of the gun produced would paſs through . 
the points H, K, the exact diameter of the wheel. R 
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is a block of wood placed two or three feet from the 
wheel to receive the balls; it is of elm, that the pene- 

_ trations may be uniform. 

In ufing this machine it is requiſite to aſcertain” when the 
motion of the wheels is equable, and how time long it takes 
in each revolution ; for this purpoſe various expedients may be 
deviſed. At Turin we fitted a little excentric wheel I L to 
the axis CD, which at each revolution gave a vibratory 
horizontal motion to a tongue of wood at the extremity of 
which :appended a common pendulum that was ſhortened or 
lengthened till its vibrations were iſochronous to thoſe of the 
tongue: the length of the pendulum will ſhew how long the 
wheel is in making each revolution. So ſoon as the iſochro- 
niſm between the pendulum and the tongue is eſtabliſhed, 
fire the gun and ſtop the wheel ; the two holes made in the 
rim of paper by the ball, will be eaſily diſtinguiſhed from 
each other by the edges being turned to the point that the 
ball went out at. Stretch a thread in the direction M R, 
paſſirig through the centre of the hole H where the ball en- 
tered the paper. The diftance of the other hole K from the 
point B will be then known : this diſtance ſhews how much 
one point of the wheel turned, while the ſhot was traverſing 
the diameter A B. 

165. If the mechaniſm and uſe of this machine be well 
underſtood, it will be eaſy to find the uniform velocity with 
which the ſhot paſſes through the diameter A B of the wheel, 
and conſequently its uniform velocity during one ſecond of 
time. Let D be the diameter of the wheel, c its circumfe- 
rence, t the time that the wheel takes to make one revolu- 
tion, m the diſtance that a point of the circumference of the 
wheel turns, while the ſhot is traverſing the diameter ; then 


m: D:: C: — 2 the laſt term will expreſs the ſpace paſſed 


m 
through by the ſhot with an uniform 2 during one re- 
volution of the wheel: then expreſſing by « the ſpace that the 

ſhot paſſed through with an uniform velocity in one ſecond, 
or its initial velocity, 7: 1:: =. = 3 the laſt term 
will expreſs the velocity ſought, With this machine, when 
the wheel turns with an equable motion, #= + of a ſecond, 


ns - 
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D=10 feet, and conſequently CEE; then ſubſtitu- 


ting theſe values in the expreſſion of the velocity, 
= if the value of u be the fraction of a foot. the 
velocity u will be expreſſed in feet, For inſtance, if m be 
found experimentally = 4 of a foot, then 1571 feet will be 
the value of u. | 3 
166. This machine was uſed in making the following ex- 
periments which lead to the ſolution of ſeveral very impor- 
tant problems in the theory and practice of artillery, 
1. The firſt gun was 5 ft. 6 in. in length of 
and the weight of leaden bullets was 21 oz, : 
2. The ſecond was 5 ft. 10 in. in length of bore, 
and the weight of bullet 3+ oz. 
3- A rifled barrel 3 fr. 5 in. in length of bore, and the 
weight of bullet + oz. | . 
Several muſquet barrels of different lengths; the 
| leaden bullets ny I OZ. An 
The po ders were thoſe deſcribed in the fortieth paragraph. 
the wads were of parchment torn in ſeveral places, that they 
might not damage the rim of paper faſtened round the cir- 
cumference of the wheel ; and lightly compreſſed by the ſame 
man. During theſe experiments particular attention was paid 
to moiſture of the atmoſphere, as its variations ſenſibly affect 
the force of powder (137). 
167. The following is a table of initial velocities deduced 
from experiments with a muſquet 3 ft. 6 in. in length of bore, 
under three different ſtates of the atmoſphere, / Me 


VeLocitY Os E RVE D. 


The charge of Very moiſt Under a mean Very dry 


Powder was Weather. ſtate of the at- Weather. 
7 drams. moſphere. 

35 , Feet. Feet, Feet. 

Common War Powder 1392 — 1542 — 1618 

Fine Ditto 156g — 1736 — 1829 

Fowling Ditto — 1566 — 1703 — 1784 

Fire-work Dito — 1566 — 1706 — 1779 


Beſide 
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Beſide the obſervations on the hygrometer it was remarked, 
that when atmoſphere was very much loaded with vapour, the 
bore of the gun was ſo moiſt five minutes after the exploſion, 
that the fixed nitre fell in deliquium ; and the tow uſed in 
cleaning it, was covered with a number of faline particles ; but 
on a dry day no moiſture could be perceived after an interval 
of ſeveral minutes, and the tow came out almoſt unſoiled. It 
reſults from theſe experiments. i 

1. That the velocities of ſhot in very dry weather 
exceed by nearly + the velocities, when the atmoſphere is 
loaded with vapour. 

2. That fine war powder produces in muſquets the 
greateſt effect that can be obtained from a combination 
of faltpetre, ſulphur and charcoal, It is eſſential to 
add, that with the ſame kind of powder, the velocities 
were nearly equal in moiſt, heavy weather; under a 
mean ſtate of the atmoſphere they varied about i in 
the 100; and in very dry weather, their difference 
amounted to 4 in the 100. 

168. The following experiments made with guns of dif- 
ferent lengths and calibres, under a mean ſtate of the atmoſ- 
phere are a proof that fine war powder is the ſtromgeſt. 


Nature of Kind of Weight of Initial 

Guns, Powder. Powder. velocity. 
— p N Feet. 

ine War Fo — 1 
A — in. Fowling Ditto : — 387 
lengt : Fire- work Ditto 7 — 1372 
Fine War Powder 7 — 1956 
Rifled Carabine - |Foviing Ditto 7 — 1920 
: I Fire- work Ditto 7 — 1934 
A Wall- piece carrying (Fine War Powder 20 — 1956 
a leaden bullet, in q Fowling Ditto 20 — 1928 
3 Oy =. = on 
— — ; ene War Ditto 7 . 1736 


The experiments with a mortar made by Major Ronzint 


in the month of Auguſt 1761, likewiſe prove the excellence 


of fine war powder, The proportions of the mortar were 

very exact; it was laid at 45*, fixed in an irot bed weighing 

616 lb. and projected an iron ſhot 27 Ib. in weight, = 
* cham 


2D. 
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chamber contained one ounce of powder, the ſame charge 
was uſed each time without a wad, that there might be 
the leaſt difference poſſible. The following table ſhews the 


Kind of Powder. eneth of Rang: 

Muſguet Pond ig OP 
uſquet Powder — 

Fine War Ditto — 208 => 

Fowling Dyto — | 

Fire-work Ditto — 


169. To aſcertain the effect that a difference in the weight 
of ſhat and windage have on the velocity, three bullets 
were fired from a wall-piece, and two from the muſquet 3 ft. 
6 in. in length of bore, The firſt bullet with which the 
wall-piece was loaded - weighed 34 oz. the ſecond weighed 
30z. the third was equal in diameter to the firſt, but equal 
in weight to the ſecond, a ſmall pebble having been put into 
the centre when. it was caſt, 

The muſquet bullets were 1 oz. and { o. in weight: in 
order to have à third kind, cartridges like thoſe uſed by the 
Infantry, which drop without ramming to the bottom of the 
barrel When the muſquet is clean, were made with carahine 
balls. . 

The wall-piece was charged each time with 23 dgachms, 
and the muſquet with 7 drachms of fine war powder. 
The experiments were made under a mean ſtate of the at« 

moſphere, and the following table ſhews the reſult, 


Balls. Initial Yetceltics, 
cet. 

Firſt kind — 1770 
Wall piece 0 Second ditto — 1855 
| Third ditto — 2068 

Firſt ditto — — 36. 
Muſquet. | Second ditto — * 382 

Third ditto — 1863 


In theſe two caſes, the initial velocities of the ſhot of the 
ſecond kind exceed thoſe of the firſt, though a greater quan- 
tity of the fluid muſt neceſſarily have eſcaped owing to the 
windage; and the ſhot of the third kind from their greater 

F diameter, 
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diameter and leſs weight have a ſtill greater initial velo- 


yi bnnot ad yern 531921 or 
e hetfollowing experiments made under a mean ſtate 
of the atmoſphere, ſhew the initial velocities of ſhot impelled 
by different charges of fine war powder, 


Weight of Powder. Initial Velocities. 


"  Drachn. Feet. 
Muſquet, length of | | ens 1399 
> ft. ; 7 — 1736 
| bore 3 ft. G in. — * - 
. Wall-piece, page | — 2 . 358 
of bullet 24 OZ, dy os — 


A muſquet fired with the ordinary charge of 7 drachms of 
powder does not range ſo far, as if the charge were larger; but 
as the barrel would ſoon become too hot, the ſmaller charge is 

From the experiments made with the muſquet 
(167, 168, 169, ) it will be eaſy to deduce by analogy, the velo- 
Cities of other fire-arms diſcharged in very moiſt or very dry 
weather. For example, to know the initial velocity of a ſhot 
from a wall - piece fired in very dry weather, with a charge of 25 
drachms of fine war powder: as its initial velocity under a mean 
ſtats of the atmoſphere is 2060 feet, and that of the muſquet 
1736 feet; and the initial velocity of the ſame muſquet in very 
dry weather is 1829 feet, by making a proportion of theſe values 
1736-::2060 :: 1829: 2245 feet, which is the velocity of the 
wall - piece in very dry weather. | 
171. Since the initial velocity of fire-arms of all lengths may 
be thus found, it will be eaſy to aſcertain the ſcale of preſſures 
' which the elaſtic fluid exerts upon the thot in different points 
of tlie bore of the gun. For this purpoſe, fire three or four 
guns differing in length but equal in calibre, charged with 
the ſame — of powder: having meaſured the initial 
velocities of the ſhot, ſet off from A to R (Fig. 20.) on the 
line A R the lengths of the guns taken from the part of the 
cylinder where the ſhot is Jodged to the mouth of the piece; 
and ſuppoſing A C to be the length of the ſhorteſt gun; AD 
that of the ſocond, and A B that of the longeſt ; make the per- 
—_—_— CE, DF, BG equal to the initial velocities of 
, the. reſpetive thot; then a line paſſing through the points 
A, E, F, G will be the ſeale of velocities in the ſpaces m_ 
£ 4 A 
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AD, A B, which the ſhot has paſſed through with an accelera - 
ted motion. The equation of this ſcale may be found in the 
manner laid down in the preceding chapter for finding the 
correſponding ſcales S MN © of the preſſures of the fluid. 
172. To obtain the initial velocities, fout - muſquets of 
different lengths, carrying a 1 0z. ball, were fired with 7 
drachms of fine war powder (166), under a mean ſtate of 
the atmoſphere. R 


Length of Barrel from the Initial Velocites, 


Ball to the Muzzle. 
Feet. Inches, " Feet. 
O 11 — 1037 
1 8 — 12286 
* 36 
2 8 — 1375 


F 20. Then conſtructing a figure —— to 
the directions given in the preceding paragraph, and 
examining the proportion that the ordinates bear to the 
abſciſſas; the ſcale AE, F G of the velocities is an 
ellipſis whoſe ſemi-conjugate axis AR is 4 feet 8 inches, 
and ſemi- tranſverſe axis R H about 1815 feet. Hence 
it reſults ; 

1. That the ſcale of preſſures SMN O is in this caſe 
a right line, which when produced cuts the line of direc- 
tion in the centre R of the ellipſis. 

2. That the initial velocities of guns fired under the 
preceding circumſtance, are not increaſed by making the 
- barrels longer than AR. 

To give a theorem for ending the initial velocities of 
muſquets ſhorter than A R, fired horizontally with 7 drachms 
of war powder, under a mean ſtate of the atmoſphere, 
it muſt be remembered that as the ſum of the preſ- 


ſures AR SKH, then 22690312 bet. 


Now let AD be the length of any gun; then the ſ 
the 


n ADNS which 
— 2 , but the ini- 


3 tial 


um of the preſſutes will be 8 
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tial velocity D F correſponding with this trapezium is ex- 
preſſed by the ſquare root of the ſame ſuperficies: 

For example, Let A D be of a foot, D R will be 4 feet 


6 inches or 2, which ſubſlituted in the theorem, vill 


give n 26 * 8 _E2-v 1479 26 * = 


36 


475 feet for the initial velocity. 

173. This method of finding the ſcale of velocities in the 
ſpaces, may be practiſed when the wad is ſtrongly rammed 
on the powder ; for tlien the greateſt ordinate ot the corre- 
ſponding ſcale of preſſures is at, or very near to the place 
occupied by the ſhot, in the bore of the gun : and there is 
no difficulty in reducing by approximation the line of the ve- 
loeities to a regular curve, from which, expreſſed geometri- 
cally may be deduced the ſcale of preſſures. But when the 
greateſt ordinate is diſtant from the part occupied by the ſhot, 
as with weak powder or low wads; then to find the curve 
line of velocities, it is not only neceſſary to make experi- 
ments with the guns meryioned in the preceding paragraph, 
but with others in which the ſhot has a very ſmall ſpace to 
paſs through, as 2 or 3 calibres: thus the curve line may be 
deſcribed from its origin, and any irregularity corrected by 

approximation. | 
174. If the ſcale of preſſure only be ſought ; as the velo- 
cities are in the ſub- duplicate ratio of the ſum of the preſ- 
ſures, whenever the proportion of two velocities CE, D F is 
leſs than the ſub- duplicate ratio of the ſpaces AC, AD, or 
of the length of the part of the bore from the ſhot to the 
muzzle, then the correſponding part S MN of the ſcale of 
preſſures will converge towards the mouth of the gun: when 
the ratio of the velocities is equal to the ſub-duplicate ratio 
of the correſponding lengths, the ſcale S MN will be parallel 
to the directrix AD; and when greater, it will diverge 
from it. a 
175. Having aſcertained the initial velocity=# and the 
feale of preſſures, the value of u, which expreſſes how much 
the greateſt elaſticity of the fluid ating on the ſhot exceeds 
the elaſticity of the atmoſpheric air, may be found by 2 
| 0 
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of the theorem a V. — . 


height of a barometer made of the ſame metal as the ſhot; / 
the length of the fire-arm meaſured from the ſhot to the 
mouth. of the piece; þ the ratio between the area ASN D 
and the rectangle ASXAD; and r the radius of the ſhot, 
For example, take a muſquet (172) 3 ft. 8 in, in length of 
bore =I; as in this caſe A ft. 10'84 in. 1 · 243 in.; and 


u=1736 feet; ſuppoſe „- zg then by ſubſtuting theſe va- 


— . 


0 8 4 8 19 
wallace, wats EXERT _ 22; 


whence n= nearly 280 times the mean elaſticity of the at- 
moſphere. 5 | 
176, The initial yelneiy of cannon balls wy be eafil 
found by this method of determthing the velocities o 
bullets projected from fire-arms of ſmall calibre : not only 
the charge that gives the longeſt range, and the law of preſ- 
ſure of the fluid on the ſhot in paſſing along the bare may be 
aſcertained; but the greateſt elaſticity of the fluid, and the 
point in the length of the bore where it is produced, may be 
determined: in a word, all the ſolutions of the problems 
relative to ſmall pieces from the 167 paragraph to the preſent, 
are equally applicable to the largeſt cannon, 8 
To determine the initial velocity of cannon balls, there 
muſt be a large homogeneous butt: if neceſlary, one muſt be 
made of earth, cleared of ſtones, ſifted and well rammed. 
The guns muſt be placed near the butt, and at ſufh a diſ- 
tance from each other, that the looſening of the earth from 
the penetration of one ſhot may not facilitate the entrance of 
the other. The depth of their reſpective penetrations muſt 
be meaſured, and the values ſubſtituted in the place of 8 in 
the theorem Sg DA, where D expreſſes the diameter of 


the ſhot, g its ſpecific gravity, and u its velocity, then 
=> which is a known quantity, | 


Let a wall-piece, whoſe initial velocity is known, be 
fired againſt the ſame butt — the penetration of — 
3 
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ſhot, and ſubſtitute it in the place of S in the theorem 

Ws OOTY: l 2 
9 ns. In the room of g and D inſert their known 


values, which will give the relative value of u: then by ana- 
logy, the relative velocity of the bullet is to its initial velocity, 
as the relative velocity of the cannon ſhot is to its initial velo- 
city. Suppoſe, for example, that the leaden bullet fired 
from the wall-piece be 1 inch in diameter D and that its 
penetration 8 4 feet; as the ſpecific gravity of lead is 


—j— 
g=9060 then 22 V= 765 Suppoſe again, that 
the cannon ſhot be 6 inches in diameter D and its penetra- 


tion into the butt 14 feet 8, as the ſpecific gravity of iron 


is 6115; 2 —p= V = Then if the known initial 
velocity of the bullet fired from the wall-piece be 2023 feet, 
. : 28_.: 2023: 1880 feet, which will be the 

obo 6115 
value of the velocity ſought. 

This theorem will ſerve to reſolve other problems; for 
inſtance, by knowing the diameter, denſity, velocity and 
penetration of one ſhot, the penetration of the other ſhot dif- 
fering in denſity, velocity and diameter into the ſame butt may 
be found. 

177. From. a ſeries of experiments, made according to the 
foregoing principles, under\a mean ſtate of the atmoſphere 
with guns, (89) charged with a quantity of common cannon 
powder? equal to about + of the weight of the ſhot in 32 and 
16 prs; and fo + its weight in 8 and  prs: it reſults that 
1349 feet will be the mean initial velocity of 32 prs; 1433 
15 prs; more than 1517 of 8 prs; and leſs than 1517 of 

prs. | x7 
| Haut bx Borer invented in 1764 a very ſimple ma- 
chine . for meaſuring the initial velocity of projectiles. He 
applies a little | may of metal provided with a moveable index 
to any wheel that turns with an equable motion, and ſuf- 
ficient velocity ; the index is held at ſome diſtance from the 
circumference of the wheel, by a thread that is ſtretched 
acroſs the mouth of the gun. When the gun is fired, the 
het breaks the thread, and ſets at liberty a ſpring, which 

inſtantly 
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inſtantly preſſes the index againſt the wheel, upon which it 
deſcribes an arch, till it is checked by the impact of the ſhot 
againſt a moveable butt, placed at the diſtance of a few feet: 
to this effect one extremity of a red is faſtened to the butt, 
and the other to the plate; thus the index is draun back by 
the rod, which follows the movement of the butt, and ceaſes 
to deſcribe the arch on the circumference of the wheel. 
The motion of the wheel, the diſtance from the muzzle 
of the gun to the butt, and the arch deſcribed by the index 
being known, it is eaſy to aſcertain the ſpace that the 
ſhot paſſes through in one ſecond of time with an uniform 
velocity ; or in other words, its initial velocity. To diminiſh 
the friction as much as poſſible, a ſmall groove is made in 
the part of the wheel that receives the index, and filled with 
greaſe, which preſents a very light reſiſtance, By means of 
this inſtrument the time of the ſhot's paſſage along the bore 
of the gun, the initial velocity of ſhells, and the reſiſtance of 
the air to their motion may be determined; if allowance be 
made for the modifications that muſt enſue. 20 
178. In aſcertaining the initial velocity of ſhot projected 
from fire arms of cylindric bore in the third method (159) 3 
it muſt be remarked, that ſo ſoon that the fhot begins to 
move, it continually acquires freſh velocity as it advances 
from E to G (Fig 13), and loſing a part of the preſſure of 
the fluid is only impelled by the exceſs of the velocity of the 
fluid over its own velocity: this diminiſhes as the ſhot ap- 
proaches the muzzle ; the action of preſſure againſt the ſhot 
would be totally loſt if the gun were very long, but it would 
continue againſt the ſides of the gun. Whence it reſults, 
that the ordinates HV, GZ of the ſcale X VZ of the preſ- 
ſures of the fluid againſt the ſhot, which commences at the 
ſame. point X as the ſcale X NO of the preſſures againſt the 
fides of the gun, -are ſhorter than the correſponding ones 
HN, GO, and their differences NV, OZ become greater 
as the ſhot approaches G. Thus, when the ſeveral points of 
the cylinder are proportioned to the different preſſures of the 
charge, there are always two ſcales; one, expreſſing the 
preſſure of the fluid againſt the ſides of the gun in each of the 
phyſical points of its length; the other expreſſing the preſ- 
ſures againſt the ſhot in the ſame points, ,, When the firſt of 
theſe ſcales is continually converging towards. the mouth of 
the piece, its figure is n by the length of the gs 
7 4 5 
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and it may be conſidered as the limit of the greateſt veloci 
— oy 


179. In: fire-arms of all calibres fired with large charges 
and wadded, ſo that only the neceſſary interſtices for the 
propagation of fire remain between the grains, the thickneſs 
of metal muſt be increaſed gradually from the muzzle to the 
breech, that the gun may be enabled in every point to reſiſt 
the actual preſſure of the elaſtic fluid: wheretore the ſcale of 
preſſures againſt the ſides converges toward the mouth of the 
gun, and the greateſt ordinate of the ſcale is very near the 
place occupied by the ſhot. Then, . 

Fig. XV. In order to find the equation of the ſcal 
of preſſures, draw the right line K I parallel to the di- 
rectrix E G, conſidered as the axis to which the ordi- 
nates are perpendicular: let the preſſure K E =p and 
the abſciſſa EL KIS. As the ordinate I H of the 
ſegment K Hy appertains to the abſciſſa K I, I H may 
be expreſſed by n x, and multiplying » x by the abſciſſa, 
. =x and by m denoting the fraction that ſquares the ſur- 
face KIH the product m will expreſs the ſurface 
K IH: now the rectangle EK ILS p, therefore the 
ſuperficies E K HL=px—nma-x*; and call the velocity 
LB that anſwers to this ſuperficies V, then V= 
 Vpr=mns*, 
180. Since muſquet barrels were firſt made in PEDMONr, 
none have been received at the Arſenal before they had been 
proved in the preſence of ſome officers of artillery, More 
than a hundred thouſand barrels have been proved in the 
following manner: they are charged with 17 drachms of 
common carmon powder; over which is put a very high 
wad of hard tow, that is with difficulty preſſed into the bar- 
fel, and is afterwards rammed down with all the force that 
the” atmourer can exert: a leaden bullet weighing 18+ 
drachms is then put in and wadded as beſore. The barrels 
thus Waded, are placed horizontally with the breech againſt a 
frotig beam of wood, and each of them is fired twice. At 
ery proof ſome of the barrels have burſt, and the crack is 
netimes at the breech, at other times at the middle of the 
bore, or near the muzzle : but as it is not found to have hap- 
ned miorefrequently in one part than another, the officers and 
whitfafturers' have deemed it unneceſſary to make any alte- 
ration in the thiekneſſes of metal; ſo that they may be rea- 
ſonably regarded as proportionate to the preſſures of the cad 
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fluid generated during the proof, allowing for the ptoportion 
that eſcapes by the vent, and the windage. Thus the ſhape 
of a gun being known, the limits of the greateſt velocity of 
the 3. in each point of the length of the bore may be found 

N | . 75 ES 
| 181 The thickneſs of metal in each point of the leng 
of the cylinder is determined by a (Fig. 21) right line FD, 
drawn from the breech to the muzale obliquely to the axis; 
thus the lengths BE, B H, and the correſponding thickneſſes 
EF, HL of a gun AC B D being known, the inclination 
of the right line MON which is the ſcale of the preſſures 
of the fluid againſt the ſides of the gun may be determined, 
the ordinates EM, H O, BN, being in the ratio of the cor- 
reſponding thickneſſes EF, HL, BD. If the right lines 
EB, F D be —_— they will meet at the point R, where 
the line M ON will always terminate, even when F LD 
and MON are curves. Thus E R'=b will be known and 


conſidering p=E M, the value of i vill be 2 then 6 9 
f*=nx and m=4 fince MpO is a triangle. Hence/mm * 


2 | 22 2 
3 and conſequently VV px—n ma*= p xt 


which is an equation to the ellipſis to be conſtructed in the 
manner already pointed out (172). n 
Take p= 26, then VSV 2 6x—#* is an equation to a 
circle whoſe radius 2; from the point R taken as centre 
with a radius RE deſcribe the arch E GK, then the 
ordinates H G, BK, will expreſs the relative velocities which 
the bullet would have at the points H, B, if the line MON 
were the ſcale of preſſures of the fluid. It ſhould be remarked; 
1. That on diminiſhing the charge of, powder in theſe 
barrels without weakening the reſiſtance of the ſhot, and 
wads, the preſſure of the fluid at the point E will remain 
the ſame, but it will be weaker at the points H and 
B, (152); the velocity therefore of the bullet at the 
ſame points will be leſs. % Net 
2. That on diminiſhing both the charge and the re- 
ſiſtance, either by uſing ſmaller wads or by rammi 
them down with leſs force, the preſſure of tlie flui 
will be leſs at the point E, as well as at H and B. 
3. That 
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3. That on altering the reſiſtance, the ratio of the 
preſſures will vary alſo. Theſe conſequences are dedu- 
cible from the preceding theory, and are confirmed by 


experience. 


182. By the theorem VS Vabæx- it may be aſcer- 
tained with tolerable accuracy, how much the length of 
the gun affects the range. Take, for example, the gun 
ADP, (Fig. 21) in which the thickneſſes from E to the 
muzzle, proportionate to the largeſt charges ; are determined 
by a right line. To find the difference between the veloci- 
ties of the ſhot ; or in other words, the length of the ranges, 
by firing a ſhorter gun as A H, or a longer one as AQ with 
the ſame charge as A DP, the right lines EB, FD muſt be 
produced till they meet in the point R, and from R taken as 
centre with the radius RE, deſcribe an arch EG K: draw 
to AR the normals HG, BK, QT, which will expreſs the 
ratios of the length of the ranges, correſponding to the lengths 
of the gun. .It was obſerved that this theorem would only 
give an approximation; in fact the line MON being the 
ſcale of preſſures againſt the ſides of the gun; MVZ which 
is the ſcale of preſſures againſt the ſhot, ſooner falls on E R, 
which it cuts in the point S. Thus the true ſcale of veloci- 
ties is EIVX in which the difference between the velocities 
at the points H, B, Q is leſs than in the other ſcale E GK. 
But whatever be the nature of the line MV, it muſt neceſ- 
farily when produced cut the right line RE in ſome point 
S; for as the fluid expands in a ſpace which is continually 
enlarging, and partly eſcapes by the vent and windage, its 
velocity will be at length ſo much diminiſhed, that it will no 
longer impel the ſhot. The point S is always the centre of 
a re- entering curve line EIV X, of which & E is the ſemi- 
axis, and E M the parameter; and by it may in all caſes be de- 
termined the greateſt length that ought to be given to cylindric 
fire-arms, ſince beyond this point the ſhot receives no in- 
creaſe of velocity. From theſe premiſes may be likewiſe .in- 
ferred, that in the ſame gun the point 8 will be more or leſs 
diſtant from A, in proportion to the quantity and quality of 
the powder, and to the windage and denſity of the ſhot. 


183. Since the radius — and the thickneſs of me- 


tal EF=m are known, and its tenacity may be deter- 
mined 


FIRED -GUN=POWDER, 91 


mined by experiment, the elaſticity A of the fluid may be 
found by the means of the theorem 9962 nr =mq ; and by 


„ 7906. FAA 
ſubſtituting in the theorem V = wn 9 SE the values 


of u, , l, E B, A=the height of a barometer made of the 

ſame metal as the ſhot, and p the ratio between the trapezium 

EMNB and the rectangle EM EB, the value of the 
initial velocity= V of the ſhot will be likewiſe found. 

Fis. 21. For example, ſuppoſe DA to be a wall- 

piece, whoſe thickneſſes of metal are in equilibrio with a 

ven charge; let the diameter DP=2r=2 inches, 

F the greateſt thickneſs of metal in the place where 

the ſhot is lodged=m=2 inches, and the tenacity of 

24723200 f; by ſubſtituting theſe data in the 


theorem 9962 nr = mg, 19962 X—== X 4723200: the 
greateſt elaſticity of the fluid n is therefore nearly equal 


to 800 times the mean preſſure of the atmoſphere. 
To find the initial velocity of a leaden bullet fired from 
this wall-piece let E B=/=3+ feet, and pg; A will be 
about 3 feet; then ſubſtituting theſe values in the theorem v 


2 
: TA 96.54 x 800 x = x 3Þ x 3 
a . it will give v Fa — 3 — 
| . 

1800 for the initial velocity of the leaden bullet. 


But if an iron ſhot be fired from it, A will be equal to 44 
feet, and the initial velocity will be $100 


— 
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Or EXPERIMENTS FOR ASCERTAINING THE Res1sT- 
ANCE or THE Alx To Bobits PROJECTED FROM 
 Finn-arms. 


184. Tat mu velocities of (hot projected on a hori- 
zontal plane ſrom guns, equal in length, but differing in calibre, 
fired with charges proportioned to the weight of the ſhot, 
with powder of the ſame quality and wads equally well ram- 
med, are greater in proportion, as the calibre of the piece is 
leſs. But if the ſame gun be fired on an inclined plane, the 
difference between the ranges will diminiſh in proportion to 
the inclination and extent of the plane, till at length the guns 
of large will range farther than thoſe of ſmaller calibre. 

185. From the longer range of guns of ſmall calibre, it 
may be inferred that the ratio of the ſum of the preſſures to 
the diameter of their ſhot, is greater than in guns of larger 
calibre, When the reſiſtance to the exploſion conſiſts only 
of the weight of the ſhot and wads, the preſſures muſt be 
proportionate to the diameter of the ſhot, and of courſe, 
greater in guns of large calibre ; but in the preſent caſe, the 
refiftance ariſes principally from the friction which muſt ne- 
ceſſarily be greater in the ſmaller guns, fince they are both 
equally rammed : from the ſame cauſe alſo the powder being 
more compact in the ſmall guns, the exploſion takes place 
more inſtantaneouſly, wherefore the ratio of the ſum of the 
preſſures to the diameter of the ſhot muſt be greater : the 
ſhot likewiſe in paſſing through a greater length of bore in 
the guns of ſmall calibre, will be impelled by the fluid for a 
longer ſpace of time, whence its velocity muſt be Increaſed. 

186. The ſecond effect (184) proceeds ſolely from the 
reſiſtance of the air to the motion of the projectile : this re- 
ſiſtance is very conſiderable when projectiles move with great 
velocity, and is the greater as the diameter of the ſhot is leſs. - 
The following is a reſult of experiments made in June 
1764, on the Banks of the Po, and a compariſon between 
the actual and potential ranges. The charges were ſuch 
as would give the velocitics marked in the table, 1 
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the guns were laid with every neceflary precaution. The 
medium of ſeveral rounds was taken, and the direction was 
along that part of the Po, which runs almoſt in a right line 
from the malls of Rocca-Franca to the Chapel of the Cruci fr. 


Compariſon between the actual ranges of ſhot meaſured in 
June 1764, along the Banks of the Po, and thoſe which a 
given initial velocity would produce, if there were no reſiſtance 


in the air to the motion of the ſhot, 
Ranges, 
—— — 
Initial Eleva- Experi- Poten- 
Velo. tion. . tial. 
Rifled Carabines bullets weighing 1 * 90 | 19908 
þ of an ounce. ; 1956 430 * ” 2985 
79 1g” | 948 | 7845 
Maſquet, weight of bullet 2 ot, J 273644 2% | 1995 44535 
| 450 1181 | 31383 
. . 15 1433 17 7 
| . ; 1855 || 249 20” | 1753 | 26734 
| Balls weighing 3 1 1029 1.135794 
Wall- pieces. « . . { 1770 || 259 169g | 36397 
Balls weighing 3 | 0 a 
OZ, ut equa 
in . to 2068 15* 1630 | 22268 
” $3 oz. balls. s- #4 +0 


N. B. During the five mornings that theſe experiments 
were carrying on, the barometer at the battery was 
ſtationary at 29 inches, except towards the end of the 
third morning when it roſe a little, 


This compariſon ſhews that the rifled carabine with an ini- 
tral velocity of 1956 feet only ranged 895 yards, at the ele- 
vation of 45%; while that from the theory of projectiles 
moving in vacuo, it ſhould have ranged 39806. Now as 
the only difference between the range calculated from the 
initial velocity meaſured near the mouth of the piece, and the 
actual range at the elevation of 45*, is in the ſpace paſſed 
through by the ſhot; it muſt be owing to the maſs of air 
diſplaced by it, and conſequently to the-refiſtance that the air 
oppoſes to its motion. | e 5 

| 187. The 
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187. The following experiment proves that the reſiſtance 
of the air to a projectile, is greater in paſſing over water 
than land. In — 1764, ſeveral rounds were fired from 


the mill of Rocca Franca over the Po, from a wall- piece 
carrying à 3x oz. bullet, at the elevation of 15 with a 


charge that gave an initial velocity of 1770 feet; the mean 
range taken with the greateſt accuracy was 1799 yards, the \ 


fame gun was afterwards fired in the ſame manner along the 
road leading to Stupinigi, and the mean range was 1863 

ds, : | | 
7 188. From the preceding compariſon are deduced ſome, of 


the corollaries in the theory of the air's reſiſtance (Philoſ, Inſtit.) 


1. That the air's reſiſtance is greater in ſhot of ſmall 

than of large diameter, provided the ſpecific gravity be the 

2. That in ſhot of equal diameters the moſt denſe 
ranges the fartheſt. * 


\ 


3. That when the gun and butt are in the ſame plane, 


the elevation that will give the longeſt range with a given 
charge is leſs than 45 | 

4+ That the leſs the diameter and denſity of the ſhot, 

_ - the more the elevation that gives the longeſt range, is 

* » under 4 9. 1 23. i 

5. That the longeſt range to be obtained with the largeſt 

charge, depends on the direction of the gun, the initial 

velocity of the ſhot, its diameter and weight, the denſity 

of the air, and the equality or difference between the 


planes of the gun and butt. Hence, (102, 104, 104,) . 


in meaſuring the ranges to aſcertain the charges that will 
impel the with the greateſt velocity, the reſults are 
liable to ſuch modifications, particularly when the firſt 

. graze of the ſhot is at a diſtance from the gun, that it 
requires a ſeries of experiments, before any one point can 
be accurately determined. 

189. In this. compariſon between the aQual and potential 
ranges, it was ſuppoſed that the charge that gives a certain 
initial velocity when the gun is laid horizontally, would give 
the ſame at different degrees of elevation. To prove that this 
ſuppoſition is true with regard to ſhot of ſmall diameter, a 
muſquet (169) was directed againſt a block of wood equally 


Porous, placed at the diſtance of 5 feet, it was fired horizon · 


tally with. a charge that gave an initial velocity of 1736 feet: 
it was again loaded in the fame manner, . 
tic 


— ,,,, p her 8 50s ST 
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tical direction againſt the ſame block placed at an equal diſ- 


tance, the ſhot each time penetrated to the depth of 12 
mchess F » 894 17 


100. Since the initial velocity of ſhot of ſmall diameter, 


is the ſame whatever be the elevation of the gun, it follows 
that the increaſe of the elaſtic fluid produced when the piece 
is at the higheſt elevation, is in the increaſe of reſiſtance ariſing 
from the elevation, in the fame ratio as theſe two forces are, 
when the piece is fired horizomally, | 
191. Let AE be 2 horizontal line making with the lines 
AF, AG, AH, AK the fame (Fig. 22) angles as the 
guns were fired under in the preceding experiments: ſet.off the 
lengths AB, AC, AD, AE of the correſponding ranges, 
and erect the iculars BF, CK, DG, EH; the lines 
AF, AG, AH, AK, will expreſs the ſpaces that the ſhot 
paſſed through by the impulſion of the elaſtic fluid, and the 
perpendiculars BF, CK, DG, EH the ſpaces paſſed through 
by the power of gravity. Thus it will be eaſy to lay down the 
curve that the ſhot deſcribed in its flight, either geometrically 
or by Dulac's inſtrument. pact 

192; A line drawn through the points A, F, G, H, K, 
will be a curved line of projections, and will ſhew the point 
where the ſhot will ſtrike the horizontal line A E when the 
elevation is leſs than 45* : on the contrary, if the point of 
the line AE which it ought to ſtrike be given, the proper 
degree of elevation may be found without tracing the curve 
deſcribed by the ſhot in its flight. If the guns in June, 
1764 had been elevated above 455, in order to know the 
correſponding length A N of the ranges, the curve AF G H 
KML of projections would have been complete; 

193. This method of finding the curve deſcribed by pro- 
jeRiles, may be uſed when the initial velocity remains the 
lame, though the elevation be altered; but hen both the 
velocities and elevations are different, the following me- 
thod may be adopted. (Fig. 23) Chuſe a piece of ground 
on which the guns may be placed at the different heights 
A, C, D; fire ſome rounds from A, charging and laying 
the piece always in the fame manner; which in the preſent 
caſe will be ſuppoſed to be horizontally, and mark at each 
diſcharge the firſt graze of the ſhot : then fire from C, D, E 
with exactly the fame direction, elevation, and charge, and 
mark the firſt grazes I., B, Q. Ere& the perpendiculars 
IH, LK, BM, QF which will be the abſciſſas of = _— 

| delcribed 
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deſcribed by the ſhot, and the horizontal lines AH, C K, 
DM, EF will be correſponding ordinates ; then from the 
value of theſe lines the nature of the curve may be deduced, 
or traced mechanically ; and will be moſt applicable to thoſe 
gevations where the initial velocity remains nearly the ſame. 
If the ground at the points I, L, . A be ſuch that the ſhot 
can penetrate in the ſame direction with which it impinges, 
the holes being the tangents of the curves, the ſub-tangents 
and ſub-normals that correſpond with theſe points may be 
likewiſe known. Thus an equation to the curve may be 
found by the inverſe method of tangents. 

194. The curve thus found may be reſolved into the fimple 
movements of which it is compounded, by knowing the 
time that the ſhat is paſling from the mouth of the piece 
placed ſucceſſively in A, C, D, E, to the points I, B, L, Q. 
where it touches the ground ; for this purpoſe, a common 
pendulum or watch that marks very ſmall diviſions of time 
as + or + of a ſecond will anſwer. Place it near the men 
who are ſtationed to obſerve the firſt grazes, and let them be- 
gin to reckon the inſtant they perceive the flaſh of the gun. 

uppoſe that the (Fig. 24.) time of the ſhots flight from 
Atol=afrom C to L, from D to Bd, and from E 
to Q=f; mark on the line A E, the times AB=a, AC, 
AD d, AE =/, and make the ordinates BH, CI, DK, 
E L, equal to the ſpaces that the ſhot ated on by the im- 
pelling power has paſſed through in the corteſponding times 
(193); AHIK L will then be the ſcale of ſpaces paſſed 
through in theſe times, from which may be deduced the 
ſcale of initial velocities ; and again from this laſt, the ſcale of 
momentaneous reſiſtances of the air to the motion of the 


ſhot, 

Fig, XXV. Mark in the ſame manner on the 
directrix M V, the times MR, MT=6b, MS a, 
MV =f and erect the ordinates Rr, Tr, Ss, V a, 
each equal to the ſpaces that the ſhot has paſſed through 
by the power of gravity (193.); Mr ts will then be 
the ſcale of velocities, and give the ſcale of momen- 
taneous reſiſtances oppoſed by the air to the movement 
of gravitation. 

195. If the law of the air's reſiſtance only be required, 
one of the following methods may be uſed, and will give 
reſults more accurate than any of the former ones ( 186, 193, 
194. ): the firſt conſiſts in finding the ſcale of ſpaces that — 

0 
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ſhot acted on by the impelling power has paſſed through in 
correſponding times. I he ſecond is to cad by means of 
this movement of impulſion, the ſcale of retarded velocities 
in. correſponding ſpaces, To find the firſt ſcale, fire ſome 
(Fig. 26.) rounds from the point 8, in the direction 8 r 
with equal charges, againſt a butt placed at the ſeveral diſ- 
tances So, 81, Sm, Sn, Now as two points on the 
ſurface of this butt will be always known, viz. the point 
where the line of direction & r falls, and that which the ſhot 
ſtrikes, the ſpaces oa, Ib, mc, nd, paſſed through by the 
gravitating principle, and the correſponding ſpaces 30, 5.4, 
n, 5 n paſſed through in the ſame time by the movement 
of impulſion will be known, and the curve 8 @ þ c d deſcribed 
by the projectile will be found. If the butt be placed at 
ſuch a diſtance that the longeſt line d of deſcent does not 
exceed 150 feet; the reſiſtance of the air to the movement 
of gravitation will be inconſiderable, and the theorem 


2 . 
8 E uin ſerve to determine the time t, that the ſhot 


is paſſing through the ſpaces oa, Ih, mc, nd in its movement 

of gravity; and alſo through the ſpaces So, 8% Sm, Sn in 

its movement of impulſion. 8 | 
Fi. XXIV. Draw the directrix AE, making AB 


— 
=v/ —= oa, ACSV 2 {b, AD=v/ — "0 
.18 5 32.18 32.18 | 


32 | 
mc, AEN < 5d and erect at the points, B, C, 


32.18 

D, E, the perpendiculars BH Se, CIS DE= 
Sm, ELSA; then a line paſſing through the points 
A, H, I, K, L, will be the ſcale of ſpaces paſſed through 
by the ſhot in correſponding times, ia its retarded move- 
ment of impulſion. From this deduce the ſcale of cor- 
| reſponding velocities MNOPQ, and that of the mo- 
mentaneous reſiſtance of the air to the motion of the 
ſhot; thus the retarding force of the air will be known. 
196. It has hitherto been ſuppoſed that the ſhot is pro- 
jected in the direction of the axis, but this does not always 
happen. To remedy this inconvenience; fire the gun with 
a ch that will produce a given initial velocity, place the 
butt (Fig. 26.) at * diſtances 8 e, 81, 8 m, . n, 
% taken 


+ 
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taken at pleaſure, and meaſure the velocity with which the 
ſhot impinges on the butt, either by meaſuring its penetra- 
tions (176), or by ſome machine proper for the purpoſe. On 
a line, ſet off the abſciſſas S o, 8, S n, 8 , equal to the ſpaces 
that the ſhot has paſſed through by ĩts movement of impulſion; 
and let the correſponding ordinates equal the experimented 
velocities: then by making the longeſt ordinate equal to the 
given initial velocity, and erecting it at the beginning of the 
abſciſſas, we ſhall have the ſcale of velocities in correſponding 
with a retarded movement of impulfion ; from this 
e may be deduced that of the momentaneous reſiſtances 
of the air to the motion of the ſhot; it is a matter of no con- 
ſequence for theſe experiments, whether the ſhot be projected 
in the direction of the axis or not. Ms. 
- 199. There are other methods of aſcertaining the path 
deſcri by projectiles, and the retarding force of the air; 
but it is to be preſumed that the principles laid down in the 
courſe of this treatiſe will, from their practical utility and 
eaſy application, induce the ſtudents to exerciſe themſelves in 
the theory of gunnery, whence they may derive from the uſe 
of fire arms, - particularly of mortars, advantages which can 
by no other means be obtained. 
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Or THE RegsTANCE oF FiRE-ARMS ro THE ACTION | 1 
YL or POWDER, #3 
The Metal of which any Fire-arm is made ought to have thr- f 3 
tain determined Phyſical Cualities, combined in ſo ju # j 3 
manner with the Thickneſs of the Piece, that it may be able = ; 
 torefift the Exploſion of the Powder, without being unnegeſs = 
ſarily heavy and untreildy. „„ 17 
0 N . 8 "> <3 
Tax earlier ARTILLER1STs, convinced from experience x #4 
of the juſtneſs of this remark, ſubſtituted in the room of iron = 
ordnance, guns and mortars caſt of BRON ;, a metal com- 1 
poſed of tin and copper; to which they ſometimes added 2 1 1 
proportion of braſs : hoping that this mixture would poſſeſs | 1 * 
the ſeveral qualities in which the iron ordnance had proved (a a4 
defective. - f - *. BY 
| 2. Bronge was in uſe before the invention of gun-powder, 1 P 
It had long been known that a mixture of tin with copper "Ki 
was leſs tenacious and malleable, but harder than pure copper; 1 
and that it even became ſhort and brittle, if the tin were in : 1 
too great quantity, Wherefore the two metals were pro- 44 
; 4 as portioned 4 
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2 according to the different uſes for which the 
was deſigned : for caſting ſtatues, machines, &c. 
which required nice workmanſhip, the tin was general 
between a 20" and 50. of the copper, and to give this bol. 
metal à fine colour, they added a proportion of braſs, be- 
tween, a. 3“ and g of the whole. For bell- metal, which 


ſhould be very hard and entirely free from the ſeparations of 


the particles of metal found in bronze containing too little tin, 
no braſs was uſed, and the tin was in the. ratio of 22 to 27 
m the 100 of copper. 

3. PETER SAarD1, an [talian, who fully knew the pro- 
perties of ſimple and compound metals, publiſhed in the be- 
pinning of laſt century, ſome obſervations on the damage 
that cannon ſuſtain from the exploſion of powder: wherein 
he pointed out the neceſſity of having a metal that ſhould be 
uniformly hard, firm and reſiſting, not brittle like glaſs, ſoft 
like copper, nor liable to corrode like braſs ; but which ſhould 
be able to fland repeated firings without ſuſtaining the leaſt 
injury. Theſe ideas from their juſtneſs and accuracy ſoon 
ſpread from ITALY, in that day the ſchool of military ſcience, 
throughout all Europe ; and the Pyrotechncia of . 
Biringuccios had already paſſed through ſeveral editions: it 
was natural therefore to ſuppoſe that the quality of bronze 
moſt proper for artillery would have been univerſally adopted, 
and a certain proportion of the component metals fixed on. 
On the contrary, the moſt enlightened and warlike nations 
proceeded without any determuned principles, and various 
compoſitions were in uſe till the middle of this century; as 
may be gathered from the numerous publications on the 
ſubject. 

4. This variety of opinions gave riſe to two parties: the 
Ftalians, deſirous of having a gun-metal hard and free from 
cavities, mixed the tin and copper in the ratio of 12 to 20 in 
the 100; and by applying a bouch, repaired the guns when 
the vents had run. "The oppoſite party, conſidering tenacity 
as the moſt eſſential quality, mixed the tin with the copper 
in the proportion of 4 to 8 in the 100 ; and maintained that 
this compoſition was the beſt, as the vents were not ſo ſoon 
affected by the fire; and attributed the alteration in the bores 
of the guns, whence they were ſoon rendered unſerviceable, 
to any other than 'the true cauſe, which was the ſoftneſs of 
the metal. So long as powder was made of a weak quality, 
and the guns were not over-heated by too quick a — 
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of diſcharges; as formerly in the hotteſt ſieges the firing has 
n 


ving been kept up for ſome time in the morning was d 
tinued on both ſides for three or four hours; this queſtion 
remained undecided: but ſince the powder has been made 
ſtronger, and the firing has continued inceſſantly from morn- 
ing till night, ſo many accidents have happened owing to the 
ſoftneſs of the metal, that there has been an abſolute neceſſity 
for increaling the quantity of tin. * 
5. On ſurveying, after the peace of 1713, the artillery in 
the ſeveral fortreſſes in PiepmonT; it was found that the 
viciſſitudes of the preceding war had introduced Fug of all 
natures, caſt by founders of different nations. In the wars 
of 1733 and 1742, ſome of theſe pieces continued perfectly 
good after 1000 rounds z while others became unſerviceable 
after 500, or even fewer diſcharges : as the ſhot in ſtriking 
againſt the ſides had conſiderably altered the figure of the bore. 
Many experiments have been made in this capital fince the 
peace, of 1749, both by the officers of the royal corps of 
artillery, and by individuals appointed for the inveſtigation of 
particular points, to aſcertain the cauſe of this great diverſity 
of effects. This treatiſe being only an application of the 
principles of natural philoſophy to artil'ery, it will be beſt to 
purſue the method adopted in the preceding works, and refer 
to the maxims already eſtabliſhed ; that the artilleriſt may 
take in at one point of view their riſe, connection and deduc- 
tion, and be thereby enabled with the greater readineſs ta 
apply them to practice. . 

6. Before we attempt to aſcertain the beſt conſtruction for 
fire-arms, it will be proper to conſider in what their perfection 
conſiſts ; that from a clear diſcrimination of the neceffity and 
importance of each particular point, we may avoid the error 
into which meny have fallen, of paying attention to ſome cir- 
cumſtances while they neglected others equally eſſential; thus 
loſing the advantages reſulting from a combination of the ſeveral 
parts of the ſubject : hence their labours have only tended uſe- 
leffly to multiply the ſpecies of ordnance, which has been 
already obſerved by ſome excellent writers; who from the 
badneſs of the inventions have inferred the want of talents 
in the inventors, ö 


7. There are two principal conditions which conſtitute the 


perfection of every fire-arm : the firſt requires that it be ſo 
conſtructed that the men who work it may run no riſk of being 
8 3 burt 
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hurt by it + the ſecond, that it be manageable and adequate to 

tvery purpoſe for which it is intended. 

8. To be poſſeſſed of the firſt condition (7); the quality 
of the metal, of which any gun is made, ſhould be in ſuch 4 
juſt combination with its thickneſſes ; that if by any extraor- 
dinary accident it burſt, it may not be ſhivered into pieces, 
This property is obtained by mixing the metals in a due 

rtion, 

* 2. The bore of the gun ſhould be free from cavities, 
particularly in the charging cylinder; and of ſuch a 
figure, that with the ſpunge the gunner may be able to 

extinguiſh any fire that hangs in the piece, in order to 
avoid the dreadful accidents that ſometimes happen in 
reloading. et | 

3: Guns intended for works or batteries ſhould be 
of ſuch a length that the exploſion may not damage the 
embrazures, and that there be no neceſſity for making 
the inner part of them too wide; which greatly expoſes 
the artillery men to the fire of the enemy's muſquetry, 
to the evident detriment and delay of the ſcrvice. 

9, The ſecond condition (7) requires ; 

1. That the metal be of fo tenacious quality that the 
gun may with a moderate thickneſs for a long time reſiſt 
the force that tends to burſt it : as guns of large calibre 
may on this principle be made lighter, and be conſe- 
23 mofe eaſily worked and brought into action. 

he metal ſhould lkewiſe be of ſo hard a nature, that 
the bore of the piece may ſuſtain without alteration 2 
long continued firing. / 

2. That in diminiſhing the weight of meta], ſuch 
regard be paid to the figure of the gun, and the poſition 
of the trunnions, that no irregularity of movement can 
take place at the diſcharge, ſufficient to damage the bore 
of the gun, or alter the direction of the ſhot. 

3- That all the parts and ornaments be ſo propor- 
tioned and ſituated as to be of ſervice in laying the gun 
and firing with preciſion. | 

After theſe preliminary obſervations, let us proceed to ex- 
amine ſeparately the ſeveral cauſes that conduce to the per- 
fection of fire-arms, 
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CHAP. I. 


Or Tas MeTALs or WHICH FIRE-ARMS ARE MADE. 


10. Ta E ſimple metals uſed in caſling cannon, are 
iron, copper and tin; braſs, which is a compoſition, is ſome- 
times added. As the proprietors of mines find it too expen- 
five to perform all the operations neceſſary for the thorough 
purification of the metals, the iron and copper uſually met 
with in commerce, are not ſufficiently refined for the pur- 
poſe of the founder. The ſubſequent remarks on the method 
of uſing theſe metals will alſo point out when they are pro- 
perly purified. | | 

It. Tron ore is generally found in the form of an indurated 
earth, and is fluxed in contact with charcoal, with a very 
ſtrong heat kept up by means of large bellows : during this ope- 
ration the greater part of the volatile particles contained in 
the ore, as ſulphur and arſenic, exhale in form of ſmoke, and 
the phlogiſton uniting itſelf intimately with the ferruginous 
particles, the iron appears in fuſion at the bottom of the fur- 
nace ; whence it is run into a trough prepared. with ſand of a 
demi-cylindrical form, and is by the workmen termed à pig. 
This is called iron of the firſt ſmelting, and is always un- 
malleable. | 

12. This iron is again ſmelted by a ſimilar proceſs, and is 
then called iron of the ſecond ſmelting, which though purer 
than the firſt, is ſtill unmalleable. In proportion as the 
ore is more purified and has been oftner ſmelted, it fuſes 
with more difficulty; and the fuſion does not at length com- 
mence till the heat be very intenſe. 

13. The iron procured from foreign countries, as an arti- 


cle of commerce is generally diſtinguiſhed into two torts. 


The one does not yield to the hammer when cold ; but when 
red hot, it eaſily breaks into pieces, which is owing to the 
quantity of heterogeneous ſubſtances it contains, principally 
arſenic and ſulphur ; the other kind is malleable when red- 
hot; a certain ſign that it is well purified and of a good and 
tenacious quality, | Ry 
14. For iron guns, the ore of the moſt tenacious quality 
is the beſt, Engliſh ore is in the higheſt eſtimation ; it has 
G 4 | a ſuf- 
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a ſufficient degree of hardneſs, ſince in firing with ſhot, the 
bore of the gun is never injured; but as it is not ſufficiently 
tenacious to reſiſt the force of powder in very long ſieges, it 
becomes neceſſary to ſupply this defect by adding to the 
ſtrength, and conſequently to the weight. of the guns, to 
prevent their burſting : wherefore 32 pounders with proper 
reinforces are too heavy, and are only uſed on board of ſhips 
of war, 24 pounders being the largeſt piece of iron ordnance 
that is uſed in land ſervice. | 

15. The iron of the ſecond ſmelting is heated and welded 
with a forge hammer to increaſe its malleability and tenacity: 
this operation is frequently repeated to ſeparate the earthy 
heterogenous particles. When thus worked, it obtains the 
name of forged iron, and is leſs hard but much more tena- 
cious than before. It is eſteemed of the beſt quality when 
malleable, both hot and cold, and when it yields to ghe file; 
but when it breaks and ſplits under the hammer, it is not ſo 
good. A very violent and long continued heat is neceſſary 
to fuſe forged iron; and from its ſoftneſs, it is only uſed in 
the conſtruction of fire-arms of ſmall calibre, from which 
leaden bullets are projected, as wall-pieces, muſquets, piſtols, 
&c. lince from its great tenagity the barrels may be made very 
thin. 

16. Copper is generally found mixed with other metallic 
-and,volatile ſubſtances ; according to the nature and propor- 
tion of which the operation of purifying muſt be varied. It 
ſometimes happens that a vein of a copper mine will furniſh 
for a conſiderable time, an ore eaſily refined; but at length 
its quality alters, which induces a neceſſity of multiplying 
and even diverſifying the proceſſes of refining. In all caſes 
It is firſt fluxed ; whence a regulus or mixed metal, called 
black copper is obtained; which is unmalleable and of different 
qualities according to the nature and proportion of the hete- 
rogeneous ſubſtances. 

17. To purify black copper, the chymiſts uſe the cupe! 
almoſt the ſame manner as the refiners of gold and ſilver: 
but the common method is to roaſt and afterwards ſmelt it; 
that during the roaſting, the volatile particles may be ſub- 
limed; and that when in fuſion the other heterogeneous ſub- 
ſtances may be converted into ſcoriæ: the metal obtained 
from this proceſs is called copper, and is generally run into 

thin cakes, which are very full of cavities and pang: 


„ 
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The copper met with in commerce is generally deſigned of 
three qualities, viz. pure, common, and impure, as in ſome 
mines the metal will not defray the expence of purifying it. 
For ſome years paſt the merchants have imported copper 
from GERMANY, Savor, and Japan, which is very well 
purified : that procured from AosT and SWEDEN is harder 
and leſs malleable ; but the copper brought from Mgx1co 
is of a very inferior quality, being cryde and totally unfit for 
wire-drawing. 

18. Pure copper is red, tenacious, ductile and malleable 
it is drawn into very ſmall wire, as the ſtrings of muſical 
inſtruments; and beat into very thin veſſels without breaking 
or ſplitting : this is a certain method of proving its purity. 
This copper requires a very ſtrong and long continued heat 
to melt it. If it be fuſed without being in contact with any 
phlogiſtic body, and the fire be ſtronger than is neceſſary to 
keep it in fuſion, ſmall particles will be ſeen ſucceſſively to 
calcine ; and if the fame force of fire be continued, theſe 
calcinations will appear in the form of ſcoriæ floating on 
the ſurface of the melted metal. If the ſcoriz be ſcummed 
off, pounded and mixed with a quantity of charcoal, they 


will when expoſed in the furnace to a ſtrong blaſt revivify 


and reſume the metallic form. (Philoſ. Inſtit. 91, 116.) 

The flame that breaks out at the fuſion of pure copper 
with charcoal, is of a fine green colour; when. diſſolved by 
oil of vitriol, it exhibits a blue flame. 

19. Common copper is that in which the heterogeneous 
ſubſtances are in ſmall quantity, and do not much affect its 
tenacity and ductility; ſo that though it cannot be drawn 
into very fine wire, kitchen utenſils are made of it. 

The copper of the third kind is of an inferior quality; 
leſs tenacious and ductile : if brittle under the hammer, 
or when offered to the wire-drawer, it is a proof that 


it contains many ferruginous or arſenical particles. If. 


there be much arſenic, the copper fuſes eafily ; and if there 
be anv antimony it accelerates the fuſion : but then the flame 
inſtead of being bf a greeniſhis of a whitiſh caſt, and is loaded 


with ſmoke. If the flame at the ſolution of copper by oil of 
vitriol be yellow, it is a ſign that the ore contains iron; and 
if the colour become green, the iron is in great quantity. 
Impure copper ought never to be admitted into founderies 
for cannon, as the bronze made of it is ſhort and 1 

: - 20, om 
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20. Tin is the 6 gary of metals; yet its ore is very pon - 
derous when mixed with arſenic : it is therefore eaſily ſepa · 
rable from other heterogeneous ſubſtances that are lighter, 
either by picking or waſhing, after it has been pounded in a 
mortar : the ore is then roaſted to clear it of the arſenic, and 
afterwards ſmelted in contact with ſubſtances abounding 
with phlogiſton; in order to prevent the great calcination io 
which tin in fuſion is liable. 

21. Tin well purified is not very ductile or tenacious; and 
a creaking noiſe on bending it different ways is heard. A 
very moderate degree of heat fuſes it long before it becomes 
red, and the more it is expoſed to the air the ſooner it cal- 
cines: on combining the calx with a phlogiſton, and ex- 
poſing it to a proper degree of fire, it readily reſumes the 
metallic form. Purified tin is miſcible with other melted 
metals, and diminiſhes their ductility and tenacity, except- 
ing lead. On the other hand, a mixture of 20 parts of tin 
and x of copper, is more ſolid than pure tin, and yet pre- 
ſerves its ductility; of this kind is the fine Engliſh tin. 
22. Zinc is a ſemi-metal found in Calamine, Lapis Ca- 
lJaminaris, and the ſubſtance called Cadmia Fornacum which 


attaches itſelf to the mouth of furnaces, in which metals 


containing zinc have been ſmelted. This ſemi-metal eaſily 


- inflames, when expoſed to a ſufficient degree of heat, ſub- 


limes in the form of white flowers, called philoſophic wool, 
and is diſſipated. As zinc is found mixed with different 
minerals, the operation of purifying it varies according to 
their ſeveral qualities. 

23. The combination of zinc with copper is called braſs. 
When the ſubſtances are of a good quality, the braſs is mal- 
Jeable when cold ; brittle, when very hot: but if compoſed 
of impure materials, it is brittle when cold : from this pro- 
perty its quality is eaſily aſcertained, Braſs is yellow and 
more fuſible than copper : if fuſed in a crucible with a ſtrong 


heat, the melted metal will inflame and a great many flowers 


of zinc be ſeen to riſe from its ſurface; ſo that if it be kept a 
long time in fuſion, it will loſe all its zinc, and the reſiduum 
will be {imply copper. 

24. If a quantity of copper be heated, and a proportion of 
tin thrown into the furnace, the two metals will ſooner be- 
come fluid : if copper, or a mixture of it with tin be already 
melted, an addition of tin will render the fuſion thinner; 


tin is then the menſtruum of copper: but this property does 
not 
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hot ſuffice to make a thorough and exact mixture of the two 
metals in large furnaces; a motion infinitely greater than 
that which is ſufficient to keep them in fuſion muſt be for 
this purpoſe excited. If the metals be well mixed together 
and drawn from the furnace fo as to be ſuddenly condenſed; 
the particles will retain their intimate connection when per- 
fectly ſolid : but if the —_ of melted matter be very 
great, and the receiver of ſuch a form that it is ſome time 
before it ſets, on examining it when cold, the tin will 
be found to abound moſt towards the bottom, particu- 
larly in long receivers, like the moulds of cannon. The 
caleinations (18, 21) which take place while the compoſi- 
tion is in fuſion, are of different characters according to the 
quantity of melted metal, the expoſure of its ſurface to the 
air, and the time that it remains in fuſion : theſe changes 
are almoſt imperceptible in the more minute proceſſes of the 
metallurgiſts; but when in large furnaces a great quantity of 
metal is ſuffered to remain a long time in fuſion, and the 
fire is increaſed, it will be found that the metal produced 
from the revivified calcinations, contains the tin in a greater 
proportion, than when put into the furmace; as is ſeen in 
the refined cakes, which the founders of artillery draw from 
what they call the operation of the handle. ine, 

25. The mixture of copper with tin is called bronze, what- 
ever. be the proportion between the component parts, provided 
that the exceſs be on the ſide of the copper. In proportion to 
the quantity of tin, the compoſition (2) is harder and leſs ſub- 
ject to cavities; it even loſes its tenacity and becomes crude 
and brittle, if the quantity of tin be too great; the addition of a 
conſiderable proportion of braſs renders it a little harder, and 
even more briitle when heated (23) though the braſs be of the 
beſt quality. Since the uſe for which the bronze is defigned 
muſt determine the proportion between the component parts, 
in order that it may have the phyſical properties requiſite for 
the intended work (2, 3), it follows that guns may be caſt 
from bell-metal, and ſtatues, &c. from gun-metal, on adding 
certain quantities of copper or tin. | 

26. It will be ſhewn in the following chapter that the 
metal for caſting cannon, particularly battering cannon, muſt 
(8, 9) indiſpenſably be of a hard and tenacious nature. To 
this end it is neceſſary ; | 


1. That the metals be of a good quality and well 
purified, 5 | 
; 2. That 
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A 2. That their proportion be compriſed within certain 
mits, 

3- That their natural hardneſs and tenacity be in- 

creaſed by compreſſion, 

27. Pure copper (18) is the beſt for artillery ; as is the 
Engliſh tin (21) on account of its ſuperior quality. Tin in 
which there is any lead ſhould be abſolutely rejected, fince 
this metal diminiſhes both the tenacity and hardneſs. That 
gun-metal may have all the requiſite properties (26), the 
quantity of tin ſhould be between a 6 and an 8 part 
of the copper, when the powder /is as ſtrong as that now 
in uſe: it would be injudicious to diminiſh the proportion, 
as was done when the powder was weaker. If the copper 
be very well purified, and conſequently very ſoft and ductile, 
the quantity of tin ſhould be nearly 16 in the 100 of copper; 
but not more than 12 in the 100, if the copper be of an or- 
dinary quality; 121b. of tin mixed with 1oolb. of impure 
copper form a crude and brittle bronze, and ſhould never 
be uſed. In order to increaſe by compreſſion the natural 
hardneſs and tenacity of the metals, the moulds of guns 
ſhould be ſo made, that the ſuperincumbent maſs, commonly 
called the head, be as long as poſſible. 

28. Whenever braſs enters into the compoſition of gun- 
metal, it ſhould be in ſmall quantities; fince, as has been 
already obſerved, it tends to render it brittle, particularly 
when the gun is heated by frequent firing (23, 25): beſides, 
as it mult be put into large furnaces by ſmall quantities at a 
time, the zinc of the braſs firſt introduced will be ſublimed 
(23) 3 which cauſes an uncertainty with regard to the juſt 
| rtion of the materials. The advocates for the uſe of 

braſs think that it aſſiſts and preſerves the perfect mixture 
between the copper and tin; but this opinion is not ſuffici- 
ently warranted by experience. | 

29. To the remarks already made on the hardneſs of 
ſome particular metals (Inſtit. Phyſ. Mec. 66), let us add 
the reſult of experiments made on ſeveral compoſitions in 1759 
by Major Ronzini, directer of the royal laboratory of 
metallurgy. In theſe experiments, ſeveral rods of metal 
were expoſed to the force of a piece of iron weighing 83 lb. 
which falling from the height of 145 foot, on the head of a ſteel 
punch with a conical point drove it into the rod of metal, upon 
wl:ich it reſted; the effects are therefore expreſſed by the ſize 


of the holes made by the punch, which from the — 
| 0 


OF GUN-ME TAI. 


109 


of the figures, are in the triplicate ratio of the penetrations, 
marked in the firſt column ; and the relative hardneſs of the 
rods are expreſſed in the inverſe ratio of theſe holes; for 
example, the hardneſs of the bronze A is to the hardneſs of 


the bronze F as 173 to 51. 


Reſult of experiments made in 1759 to compare the rela- 


tive hardneſs ot the following metals: 


Effects expreſſ- 
ed by the 
relative ſizes 

The relative Penetrations of the punch of the holes 
into the Rods. made by the 
punch. 
Firft Colunne. Second Columw. 
Fine tin of England _ 92 1216 
Pure copper of Germany — 66 450 
Small pieces of copper coin 58 301 
Braſs of Germany, malleable when cold 54 246 
A mixture of 100 parts of copper, 12 
of tin, and 2 of zinc, the zinc be- 42 | 116 
ing previouſly mixed with the tin 
A mixture of 100 parts of braſs and | 68 
12 of tin. — — 35 


Bronze formed of good Materials in the following Proportions. 
. Copper. Tin. Brafſi, 1/8. Col. ad. Cal. 


FA 100 25 32 51 
e oy 8 
% _ 
D200 HE OM 
JE 100 12 42 116 
FE 100 Fa. 173 
- 00”, PITT 27 9 
a : 100 * 62 
Different Mixtures. < 3 6 all 34 
, L 100 14 8 
M 100 wy" 
N 100 10 12 
P 100 A _ 
Q 100 8 28 
R 100 5 20 
LT 100 2 20 


— "iro 7 — — — — 
— - ** o my 17 be ? 
_ = 1, > 2 yp f 


5 
1 
1 
. 
1 


L 
— * <- 


py — <a AT 


| ny OT —— 
—— 


110 OF Guu-ME TAL. 
We gather from theſe experiments; - FR 
5 I. That tin is the principal ingredient towards ren- 
dering the bronze hard. 
2. That the holes made in the metals A, B, C, D, 
E. F , compoled only of copper and tin are nearly in the 
© - reciprocal ratio of the quantities of tin. 
3- That by adding a quantity of braſs, the propor- 
tion of the ingredients may be diverſified, yet retain the 
fame hardneſs, as appears from G and L. 

4. That the metals C, D, whoſe component parts 
| are within the limits aſſigned (27) may ſerve as a rule 
| do judge whether the other metals have the requiſite 
| har dneſs for artillery, For example, to compare the 
| - . hardneſs of a bronze Z with that of C or D; let the 

penetration of a punch falling on a piece of fine Engliſh 
tin of a determined quality = 1, then find the penetration 
of the ſame punch into the bronze propoſed, and ex- 


— ä—à——T— —r—.x!f — • üf—ͤ —— ͥ —————— ͥ́—m—— p 


preſs it by Z; 5 will be the proportion between theſe 


penetrations. But by the experiments in the preceding 
i paragraph 25 is the proportion between the penetra- 


tions into the tin and the bronze D. If wen 5 


the propoſed bronze Z will be as hard as the given 


bronze D; If 227 — Z will be harder than D, and if 


1 92 
7 <7 D will be harder than Z. 
31. There are different methods of finding the proportion 
of tin in any bronze, but they give at beſt but an approxi- 
mation. 5 
In the firſt place, the compoſition of a bronze may be 
determined by finding experimentally its hardneſs and 
tenacity, and comparing them with the hardneſs (29) 
and tenacity (Inſtit. Phyſ. Mic. 64.) of a bronze given 
as a rule; if they correſpond in theſe two properties, 
they may be ſaid to be of the ſame quality; but if one 
be equally tenacious, but leſs hard than the other, or 


I equally 
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equally hard and lefs tenacious ; it will be a proof that 
the proportion or quality of the component metals is 
different. | 
In the ſecond place, the compoſition of bronze may 
be nearly aſcertained by ſound and colour; for if on 
ſtriking it with a hammer, it be very ſonorous, the tin 
abounds, and vice verſa, When the filings of bronze 
appear red, it contains but little tin; when they appear 
ſparkling and whitiſh, the tin is in great quantity : a 
ellow colour denotes that there-is a great proportion of 
braſs, If a piece of bronze be broken off with a ham- 
mer, and at the point of ſeparation hardly any particles of 
copper can be perceived, it is a ſign that the proportion 
of tin is about + of the copper; greater than ; when 
the ſection appears of a whitiſh caſt; and leſs when many 
particles of copper are perceptible, 
In the third place, ſome idea may be formed of the 
proportion between the tin and copper, by knowing 
the quality of each, and aſcertaining their ſpecific gra- 
vities ; but this method is not accurate, on account of 
the ſpungineſs of the copper. 
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32. To prove more clearly the neceſſity of having a 
hard and tenacious metal for caſting guns, and be enabled to 
aſſign certain limits to theſe two properties, ſo that the pieces 1 
may be ſufficiently ſtrong, without unneceſſarily increafing 4 
their weight or incurring other inconveniences (8, 9), the 
forces that tend to deſtroy the guns, and the manner in 
which theſe forces act, ſhould be conſidered. 

Fired powder tends to deſtroy guns in three different ways. 

1. By the preſſure of the elaſtic fluid againſt the inſide 

.of the cylinder. A 

2. By the effects produced by a wad, or other ſimilar 

ſubſtance, when placed at a conſiderable diſtance from 

the powder, if the charge be ſmall, e A 

do it, if the charge be ſuperabundantly large: for * 
oy eit 
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either eaſe, the elaſtic fluid generated at the bottom of 
the cylinder, is ſo much accelerated in its motian before 
it reaches the reſiſting body, that it acts with, great 

force, and meeting with obſtruction exerts againſt the 
fides of the gun, à power much greater than that pro- 
ceeding from the preſſure alone. 

By the irregular motion of a ſhot, which ſtriking 
againſt the ſides, makes cavities and furrows, and. alters 
the figure of the cylinder; which would render the gun 
liable to burſt, if the metal were not much thicker than 
neceſſary to reſiſt the preſſure of the elaſtic fluid. 

33: To know how far tenacity combined with the thick- 
nefs of metal can reſiſt the force of powder (32 No. 1, pl. t, 
Fig. 1.) Let the figure repreſent a ſection of the charging 
cylinder at right angles to the axis of the piece, and A B=r 
the radius of the bore BF GD, and BC the thickneſs of 
metal: ſuppoſe m the diameter B D, the theorem 9962 nr = 
m is the expreſſion of a cylinder, which burſts longitudinally, 
and m=27r; then ſubſtituting this value, and correcting the 
expreſſion 4981n=g; „ ſhews how often the fluid generated 
from powder is more elaſtic than the natural air under a mean 
fate of the atmoſphere, and g expreſſes in pounds the weight 
requiſite to overcome the tenacity of the metal. Suppoſe 
the elaſticity of the fluid be at the higheſt degree, viz. equal 
to that produced under a very dry ſtate of the atmoſphere, 
in a veſſel that invariably preſerves its form, whence it can 
only eſcape by the vent, a 1900 ( Treatiſe on Powder 137) 
then 4981 x 1900= 9463900 lbs. which is the tenacity re- 
preſented by q in a thickneſs of metal equal to the diameter of 
the bore and in equilibrio with the given preſſures, - The 
tenacity of bronze compoſed of common co and + of 
tin is 12909386; and of bronze containg + of tin 11881360 
(Philo. Inſtit. 64); hence if either be uſed for caſting can- 
non in the proportions of heavy artillery, the tenacity will 
be greater than is requiſite ; particularly as in practice, the 
greater part of the fluid eſcapes through the mouth of the 
gun, where it encounters no other reſiſtance than the friction 
of the wads, and weight of the ſhot, ſo that the elaſticity 
never amounts under the moſt favourable circumſtances to 7 
of the greateſt elaſticity 1900. Wherefore gun- metal may 
be compoſed of copper and 3; of tin, without any riſk of 
the gun's burſting, 66 
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34. Tux OFFICERS OF ARTILLERY, in order to aſcer- 
tain whether guns caſt of the mixture M (29) oppoſed fuffi« 
cient reſiſtance. to the greateſt preſſure of the elaſtic fluid, 
made choice of a 32 pr. called the Invincible, in which 
the thickneſs of metal at the breech was equal to one diame- 
ter of the bore, and the thickneſs at the end of the firſt rein- 


force equal to = of that diameter, In the month of Mar, 
1771, this gun was loaded with 16 1b. 60z. of fine war 
powder, the wads were of twiſted hay, rammed- down by 
ſix ſtrokes. from two gunners ; the reſt of the cylinder was 
filled with clay very cloſely preſſed, and a tompion of wood 
wedged into the muzzle: the gun thus loaded was placed in 
a ditch, prepared for the purpoſe, and ſtrong ſtakes driven 
on each ſide to prevent the leaſt motion; a heavy beam was 
fixed behind the breech, and another before the muzzle, to 
force all the fluid to eſcape by a hole made in the axis of a 
bouch ſcrewed into the vent. The charge being fet fire to, 
all the ſubſtances were forced through the mouth of the piece, 
and the beam placed there blown into the air. The gun 
was carefully examined, but not the leaſt flaw diſcovered, 
though every inſtrument and method were uſed for that pur- 
poſe : it was afterward filled with water, and ſuffered to re- 
main in that tate for five hours, at ſuch an elevation as to 


3 yet not a ſingle drop oozed 


35. It has been already obſerved that metals loſe their te- 
nacity when heated, and compound metals more than ſimple 
ones; wherefore the oftener the guns are fired the leſs tena- 
cious the metal becomes. This heat however is never ſo great 
28 to fire the powder in loading the piece; beſide the artillery 
men either ceaſe firing or cool the gun with a wet ſpunge, 
when they are apprehenſive of its being too hot: wherefore - 
we will conſider this heat as the higheſt term in compari 
different tenacities. Bronze containg + of tin loſes at m 
a third of its tenacity, when heated ſo as to fire powder; or 
in other words, its tenacity is ny equal to 7358758 ; and 
bronze containing 4 of tin and heated to the ſame degree 
loſes only a fourth of its tenacity, which is thus reduced to 

82040: then, if in the theorem 4981 n=g, 1200 be 

ubſtituted in the place of 1; (ſince (33) in the common 
firing a cr x 1900,) 4981 X 1200= 5977200 equal ro the 
, __ -- preſſure 
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preſſure of the fluid: wherefore the tenacity of theſe metals 
heated 'fo 'as —— is till greater than is neceſſary, 
 when' the thickn metal at the charging cylinder is equi 
to a diameter of the bore. e Ins 

36. The following experiments made by the Oyy1cens 
oF ARTILLERY, in the ſpring 1770, at the Practice 
BATTERY' will prove the above propoſitions. A 32 pr. 
called the Sarcophagus conſtructed on the fame model and 
of metal of the ſame quality as the Invincible, was fired 800 
times with ſhot, the windage of which was agreeable to the 
preſent eſtabliſhment: the charge of 8 lb. 12 oz. of fine 
war powder was uſed ; two gunners gave five ſtrokes to the 
wad over the powder, and three to that over the ſhot ; the 
gun on its carriage was placed upon a horizontal plat- 
orm; 100 rounds a day were fired at the ratt#'of 12 in an 
hour, which is more frequent than in the hotteſt firing at 
fieges, as on an average ſeldom more than g rounds can be 
fired. After the experiment, the piece was carefully ex- 
amined, but no flaw diſcovered; the part of the cylinder 
from the muzzle to the wad over the powder was per- 
fetly ſmooth, and the gun having been each time pointed 
to the butt, the ſhot were all thrown in a direct line; the 
inſide indeed of the charging cylinder was become rough; 
but this could not affect the ſervice of the gun, and was attri- 
buted to the liquefaction or calcination of the particles of 
tin that lay on its ſurface. It has often happened that on 
heating the breech of a gun, to repair the vent which had 
been enlarged by firing, the exterior ſurface has become very 
rough, and when the tin has not been properly mixed with 
the copper, little cavities have been formed : the irregular 
enlargement of the vent further proves a want of due exact - 
neſs in mixing the metals. 

The Sarcophagut had a chamber at the bottom of the 
cylinder, the upper part of which was conſiderably corroded 
by the powder that eſcaped through the vent; this will be 
accounted for in the eighth chapter. 

37. Having thus conſidered the reſiſtance of guns with re- 
ſpect to their tenacity combined with the thickneſſes of metal, 
let us examine why hardneſs is likewiſe neceſſary, and how far 
this property thould he carried. For this — the action of 
the fluid on the ſides of the gun, particularly at the pat 
where the wad is placed between the powder and thot, mult 


be known (32, No. 2). The eaſieſt and moſt effectusl 
2 51 | method 
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method of aſcentajaing this, is to make experiments with 
two guns of the fame calibre, but caſt from different mix. 
tures : Let one gun be caſt from a ſoft mixture, in which 
the tin does not exceed +; of the copper; (Pl. 1, Fig» a,) let 
the charge be equal to ; of the weight of the ſhot, and be wad- 
ded as. uſual ; after the diſcharge it will be ſeen that from 
A, where the ſhot was lodged, towards B the bottom of the 
bore, the fides are diſtended all around, and the orbicular 
cavity ACD in ſhape of a pear is formed, whoſe greateſt 
depth is at C where the wad was placed between the powder 
and ſhot ; that it diminiſhes gradually towards B, and ceaſes 
entirely at D, at the diſtance of about two diameters from 
B. On charging this gun with a quantity of powder equal 
to the weight of the thot, the cavity will be increaſed, but 
its greateſt depth v ill till correſpond with the fituation of the 
wad between the powder and ſhot. If, inſtead of being con- 
ſtructed according to the proportions of heavy artillery, the 
thickneſſes; of metal be only in equilibrio with the fluid ; 
the gun will burſt at the point of the greateſt depth of the 
cavity; or at leaſt the metal, if ſoft and ductile, will bulge out. 

Let another gun be caſt on the ſame model from a harder 
metal, in Which the tin is equal to 4 of the copper, and 
undergo. the ſame proof: after repeated firings. no cavity 
or other alteration. will be found, provided that it was 
properly reiaforced ; but if the thickneſſes of metal be 
only proportionate to the preſſure of the fluid, the gun will 
burſt where the wad is placed between the powder and ſhot, 
Other experiments will be adduced in the courſe of this 
work, more fully to evince the neceſſity of combining hard- 
neſs with-the thickneſs of metal. ; | 

Sportſmen know by experience, that though the barrels of 
their fowling-pieces may reſiſt ſtrong charges when the wad is 
contiguous to the powder; yet when a high wad-is placed 
half a foot from it, even if the powder be of a weak quality, 
that they will burſt at that part, People unacquainted with 
the theory of the elaſtic fluid generated from fired powder, pre- 
tend that the burſting of the barrel is owing to the rarefaction of 
the atmpſpheric air jntercepted between the powder and wad 
but whoever knows how to eſtimate the force of this air, a 
compare it with the force which the fluid exerts againſt the 
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38, The neceſſity of caſting guns of hard metal, in order 
to avoid the cavity (37) formed in the bore, is further de- 
monſtrated by the following experiments made in June 
1759; by the Orricers or ' ARTILLERY. Three 16 prs. 
were conſtructed with the common proportions of battering 
guns,” but each was caſt from a different compoſition; the 
firſt was the common mixture, that has been in uſe among 
our founders. for ſeveral years, and contained tin in the ratio 
of 8 to 10 in the 100 lbs. of : the ſecond was the 
mixture R; and the third T (29). Three rounds being 
fired from theſe guns, under an angle of 1 5 with 8 Ib. 12 
oz. of powder; a cavity was found in each of them; with 
this difference, that its depth was greater in propottion as the 
metal contained leſs tin; for on meaſuring the cavities, the 
one in the gun caſt from the common mixture was gr of 
an inch, that in the gun from the mixture R n and that 
in the gun from T r. Two ſhort 4 prs. otie of which 
had been caſt from the common mixture, and the other 
from the mixture R, were likewiſe fired with 1 1b. 10 02. 
of powder; the cavity in the former was r of an inch, 
and that in the latter r. 

39. The reſults of theſe experiments induced the officers 
to examine twenty 32 prs. which had been proved in the 
common method, by firing three rounds from each. They 
made uſe of the inſtrument invented by Sto. MarTrTz1, 
mathematical inſtrument-maker to the king,” for taking the 


exact figure of the bores of guns. Ten of theſe guns had 


been proportioned on a ſcale made from the diameter of the 
ſhot, and caſt from the mixture R : they were fired with 
ſhot at the elevation of 15* with 164 los. of war powder ; 
on examination they were all found to have a cavity in the 
figure of a pear, where the wad was placed between the 
powder and ſhot ; the cavity was two diameters in length, 
and I of an inch in its greateſt depth. The other ten guns 
had been caſt from the common mixture, which was harder 
than R (29, 38), and proportioned on a ſcale made from the 
diameter of the bore : each of them was fired three times with 
ſhot at the elevation of 224% the firſt time with 174 bb. 
of \ cannon” potoder, the ſecond time with 22 lbs. and the 
third with 26 1b. an orbicular cavity was likewiſe found after 
the laſtdiſcharge in all theſe guns of about three diameters in 
length and 7 of an inch in its greateſt depth, at the part 
where the wad had been placed in the laft charge. Hence 
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appears the neceſſity of having gun-metal ſo hard as not to 
admit of any cavity being formed by the action of the elaſtic 
fluid, which is more violent in proportion, as the charge 
occupies a greater length of the bore: wherefore, though 
cannon powder is leſs inflammable than war powder, (Treatiſe 
on Powder) and conſequently generates leſs elaſtic fluid in 
equal times; yet, in the guns formed of the common mix- 
ture, and fired with 264 lb. of cannon powder, the leſs 
quantity of fluid having a longer ſpace to paſs through, ac- 
quired: greater velocity; ſo that notwithſtanding the ſuperior 
hardneſs of the metal, the cavity was of the ſame depth as in 
the guns caſt from R and charged with 164 lb. of war powder. 
40. To,confirm the reſult of the foregoing experiments, 
a 32 pr. caſt from the common mixture was, in Auguſt 
1759, fired twice with each of the following charges of ſa- 
luting powder, which was the ſtrongeſt then at hand; five 
ſtrokes were given by two gunners to the wad over the pow- 
der, and three to that over the ſhot : the piece was laid at 
the elevation of 224*. | 


EXPERIMENTS IN 1759. 


Weight of Powder, Length of Range. 


ib. 0X. Yards,” 
. 3968 

1 2 4456 
— 4059 


After the two firſt rounds, the gun was examined, but 
no cavity diſcovered ; after the two rounds with the 13 lb. 
20z, an orbicular cavity was formed, whoſe greateſt depth 
was r Of an inch, at the poſition of the wad between the 
powder and ſhot; and after the two rounds with the 161b. 
b oz. the cavity was much enlarged, its greateſt depth was 
1x Of an inch at the place where the wad was lodged at 
the laſt diſcharge. | 10 deen 

41. Some rounds were fired in September 1759, from an 
8, 16, and 32 pr. caſt of a metal fimilar to D, M, (29) ; 
in order to determine the proper degree of hardneſs for 
preventing the formation of orbicular cavities, even, with 
extraordinary charges. The charge was of ſaluting powder, 
equal to 4 of the weight of the ſhot ; the guns were laid at 
I;”, and the wads rammed as before: after the experiment, 
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not the leaſt alteration could be obſerved in any of the guns; 
this degree of hardneſs may then be looked upon as ſuffi- 
cient, and this conclufion has been fully juſtified by ſubſe. 
quent experience. g 

42+ The third method, by which the powder tends to 
deſtroy guns (32, No. 3) now remains to be conſidered, 
In the wars of 17 33 and 1742, there was an opportunity of 
examining guns of different nations, that had been rendered 
unſerviceable by the ſhot ſtriking againſt their ſides, and 
making cavities, furrows, cracks, and ſwellings, which had 
cauſed ſome of the ſhot to break to pieces in the guns, and 
cut the metal very deep; as appears from the reports made 
hy the officers of artillery, appointed to examine them be- 
fore they were recaſt. 

Theſe accidents may be accounted for by the general cuſ- 
tom the nations of Europe had before the middle of the 
preſent century, of leaving it entirely to the founders to mix 
the metals; they, not aware of the neceſſity of having a certain 
tenacity and hardneſs, proceeded without any regular ſyſtem: 
whence frequently aroſe a remarkable difference in the reſiſt- 
ance of guns caſt by the fame founder. In proving new 

ns, the charges occupied a great length of the bore; at the 

rſt round, the powder was equal to + of the weight of the 
ſhot; at the ſecond to 5; and at the third, was equal to it in 
weight : ſo that if the metal were not of ſufficient hardneſs, 
an orbicular cavity was formed at the poſition of the wad 
between the powder and ſhot, without the leaſt attention 
being paid to it: leſs charges being afterwards uſed on ſer- 
vice, the ſhot was placed in this very cavity, which cauſed it 
to take an oblique direction, and ſtrike againſt the ſides 
under angles of incidence, ſo much the greater as the 
cavity was the deeper; thus by degrees the gun was rendered 
unſerviceable. | "> 

43. The reſult of experiments made in May 1753, and 
in July 1759, will further ſhew the inconveniences ariſing 
from the formation of orbicular cavities in guns. For the 
firſt experiments, three 16 prs. were caſt of the common 
mixture (38) at the ſame time, and from the fame fur- 
nace, to render the metal homogeneous, and for greater 
accuracy conſtructed with the fame proportions ; the only 
difference being in the calibre : for the diameter of the ſhot 
being divided into 8290 parts, the calibre of the ſmalleſt gun 
was 8463 of thoſe parts, that of the ſecond 8505, and ＋ 
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of the largeſt 8580. Shot perfectly ſpherical and well po- 


liſhed were caſt for the occaſion; none were uſed that were 
not exactly 8290 of the ſame parts in diameter; the propor- 
tion between the cahbre of the gun and the diameter of 
the ſhot was in the gun of the ſmalleſt calibre as 31 to 30, 
in that of the mean as 27 to 26, and in that of the largeſt 
as 22 to 21. They were firſt proved as uſual with three 


rounds, charged each time with glb. 14 oz. of powder and 


laid at 15*, to fee how the caſting had ſucceeded; no 
flaw appeared on examination, except at the poſition of the 
wad between the powder and ſhot, where there was a ſmall 
cavity; but its depth was not meaſured, as the inſtrument 
for that purpoſe had not then been invented ( 29). 

In May 1753, theſe guns mounted on their carriages, 


were placed on horizontal platforms, charged with 64 Ib. of 


powder, and directed towards the butt; fifty rounds were 
fired in the morning in the ſpace of four hours, and an 

number in the afternoon, in the fame time. The principal 
object being to obſerve in what manner the guns were ren- 
dered unſerviceable, they were examined at firſt after every 
ten rounds ; but ſo ſoon as the leaſt flaw was perceptible be- 
tween the muzzle and the part where the ſhot was lodged, 
they were examined after mo round. The gun of the 
medium calibre became firſt unſerviceable; ſome little cavi- 
ties were formed between the 40d and 50" rounds : theſe 
increaſing in number and ſize, we obſerved between the 
110 and 120" rounds ſeveral fiſſures; the muzzle alſo 
began to loſe its ſhape, the number and depth of the cavities 
increaſed from the 126 to the 137; and at the 130% round 
the ſhot broke to pieces; the firing was then difcontinued, as 


the muzzle would probably have 4repped at the next round. 


The next gun damaged was that of the ſmalleſt calibre z 
ſome ſmall cavities were perceived in the bore of this piece, be- 
tween the go and 60 rounds, and ſeveral furrows between 
the xr0#® and 170"); at the 208" and 214 the furtows were 
much deeper, and the metal was cracked in ſeveral parts 
entirely through; theſe fiſſures increaſing between the 220ʃ⁰ 
and 230** rounds, the gun became unſerviceable at the 233%, 
when the ſhot came out in pieces. 'Þ #- 

In the gun of the largeſt calibre, ſome cavities appeared 
between the 30" and 40 rounds, and ſome furrows at the 
130, which enlarged at the 219") and 230", with feveral 
fiſſures that penetrated to the exterior ſurface at the 240˙⁰ 
round; and as they were ſtill increaſing, it was judged un- 
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neceſſary to fire this gun any more, though it was not entirely 
unſerviceable. 8 * 
44. Other experiments were made in July 1759, with 
the three 16 pounders, already deſcribed (38) charged with 
81 lb. of powder. After the formation of the orbicu- 
lar cavity, ſome rounds were fired with 6+ lb. of powder, 
the ſhot with this charge lodging in the cavity ; the gun caſt 
from T being leſs hard than the other two, and the cavity 
„ſt became unſerviceable at the 140 round from the 
furrows and bulging in the fides: the gun caſt from R 
being a little harder, and the cavity not ſo wy became 
unſerviceable at 31 rounds; the third gun being of the hard- 
eſt metal, was not unſerviceable after 146 rounds; though 
it bore evident marks of the impreſſion of the not. 
45: The experiments with the Sarcophagus (36) prove 
that when no 8 is formed in the bore, the ſhot do not 
ſtrike againſt the ſides, but quit the gun in the direction of 
its axis. The ſame has been obſerved of all the guns that 
from 1760 to the preſent time have been caſt from the new 
mixture, and uſed at the Practice Battery for the inſtruction 
of the artillery- men. en | 
46. To demonſtrate that fimilar advantages accrue from 
increaſing the quantity of tin in the common mixture, 
to render it of a harder quality than thoſe before de- 
ſcribed '(43, 44) here follows the reſult of firings from 
four 16 prs. caſt in the royal arſenal in 1748 ; they had 
been proved as uſual; each having been fired three times at 
the elevation of 221%, with powder equal to 4 of the weight 
of the ſhot at the firſt round, + at the ſecond, and a charge 
equal to it in weight at the third. After the proof, the 
bores of the four guns were perfectly ſmooth and without 
the aſt flaw. They were then filled with water, and three 
out of the four having ſtood this new proof, were received 
and named Argos, Hector and Epirus: they were uſed 
ſeveral years at the battery, and gave excellent practice; 
for after having been fired more than 1000 times, their 
bores were as ſmooth as at firſt: the windage of the ſhot 
was ſome years in the ratio of 20 to 21, and in others of 
22 to 23. The fourth gun was rejected becauſe ſome drops 
of water oozed through under the left trunnion; a ſmall 
chamber was afterwards made at the bottom of the bore of 
this gun, and the firſt vent being ſtopped, another was drilled 


correſponding to the top of the chamber; it was in 1 740 
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12 
fired 256 times in three days from a horizontal platform; 
the charge was each time 44 Ib. of war powder put into flan- 
nel cartridges; two gunners gave five ſtrokes to the wad 
over the powder, and three to that over the ſhot; the 
windage of the ſhot was as 16 to 17, the bore. having been 
made unneceſſarily wide. The ſhot were projected in 4 good 
direction, and no alteration was vifible in the bore, or at the 
part where the water had oozed through. _._, 

47. To theſe ſeveral experiments may be" ſubjoined a 
particular obſervation made in 1737, on the occaſion of an 
order given by the KN, to carry on practice in all the gar- 
riſons. In the CITY of VALENTIa, they made choice of 
a long 6 pr. which had been caſt at Pavia in the 
ceding century with the arms of SPAIN and bouc 2 
proof of its. having been frequently fired; the bore was per- 
fectly ſtraight and ſmooth, except ſome inequalities at the 
bottom, which did. not however hold the teeth of the 
ſearcher. This gun was each time loaded with 14 lb. of pow- 
der with the ladle, and twenty-four rounds fired daily in 


hours from a horizontal platform; 60 ſhot larger than ordi- 


nary were picked out equal in weight and diameter and ſuffi- 
ciently ſmooth; they ſerved during the . whole ſummer, being 
dug aut of the butt which was in the plane of the battery: the 
windage of the ſhot was as 35 to 36; the wads were of 
twiſted hay and rammed as uſual. At the cloſe. of the, prac- 
tice ſor the ſeaſon, the gun was carefully examined. and 
found after 630 rounds not to have ſuſtained the leaſt injury; 
the practice had been very good, ſince at the diſtance af 
yards, 2 fourth at leaſt of the ſhot had ſtruck a target 3 

in diameter, and the reſt gone very near to it. 
48. From theſe premiſes may be, inferred. the neceffity of 
making gun-metal ſo bard and-tenacious, that en combining 
theſe twa phyſical qualities with the thickneſſes of metal, artil- 
lery may be ſufficiently ſtrong, light and manageable (32), 
and that by judiciouſly uſing moderate charges, the - 
tages of firing with exactneſs and execution, and of. - 
ing the guns already inſiſted on in the Treatiſe on, Powder, 
may be fully obtained, u vo 
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CHAP. II. 


Or Tas CAusks or SHOT STRIKING AGAINST THE 
Boxts or Guns. 


49- W HEN the metal is ſo hard as even to prevent 
the formation of orbicular cavities in the bore, the ſhot may 
ſtrike againſt the ſides of a gun that is improperly conſtructed 
or ſerved, In the preceding experiments the trunnions were 
properly placed, the bore exactly cylindrical, the wheels of 
the — equal heigit and moved on an even platform, 
and the had been carefully ſelected : but if the bore be 
not perfectly ſtraight, or the motion of the gun be the leaſt 
irregular while the ſhot is paſſing through it, or the ſhot be 
not ſpherical, it muſt ſtrike the ſides whenever the wads do not 
cloſely confine it ; and, of courſe, produce a cavity deep in 

ion to the hardneſs of the metal, the actual velocity of 
the ſhot at the inſtant of percuſſion, and the angle of inci- 


dence under which it ſtrikes. 


50. That the ſhot in paſſing along the gun may be cloſely 
conſined by the wads may be inferred from the following 
obſer vation. 

1. The three guns 42) had defects ſufficient to 
occaſion every ſhot to ſtrike againſt the ſides, but this 
ſeldom happened during the firſt hundred rounds ; and 
though at length the bore was ſo much damaged as to 
produce a violent ſhock at each diſcharge, yet there was 

no new appearance for ſeveral rounds. a 

2. In other experiments the ſhot. being rough, in 

2 fingle round cut the bore in a right line for a confide- 

rable lengthy an effect not eaſily to be accounted for, 

unleſs. we ſuppoſe the ſhot to be ſo cloſely confined by 

the wads, that it could neither roll nor change its di- 

rection. As the wads were of twiſted hay, it follows 

that if they were always made of a ſoft, in preference 
to a hard ſubſtance, they might ſometimes prevent the 
| ſhot from damaging the bore, if its tendency to ſtrike 
. againſt the ſides be occaſioned by the obliquity of its 
direction, 
| 51. The 
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Bu. The ſhot (43) were ſometimes unconfined, and cauſed 

in à ſingle round cavities and other flaws, deep in proportions 
to their obliquity : this occurs when no wad is uſed, as in 
firing with red-hot ſhot, a richochet or in very quick firing 
in the field. 

52. Guns are caſt either ſolid or with a core; which 
is of a cylindric form. A bar of iron, ſupported by two 
uprights, placed at proper diſtances from cach other, is 
covered with well tempered clay; and when equal in dia- 
meter to the gun intended to be caſt, is heated: it fre- 
quently happens that the work- men by making the heat 
too violent bend the bar in the middle, particularly when 
it is made thin as for 4, 8 and 16 prs. In caſting guns 
with a core thus bent, the bore muſt be crooked; which 
defect it is afterwards impoſſible to remedy with the boring 
machine, without enlarging it beyond the proper calibre. - 
The officers of artillery having in 1759 examined forty-fux 
8 and 16 prs. caſt with a core, found twenty-two of 
them bent at the diſtance of 12 to 13 diameters from the 
muxzle; the curvatures being in ſome 4 of an inch, and 
in others . By caſting guns ſolid and boring them after- 
wards, theſe inconveniences are avoided, and the bores are 
perfectly cylindric and concentric, if the machine has been 
accurately conſtructed. r- del: . 

53 One of the greateſt deſects incident to a gun is; 
when the trunnions are placed too near to the centre of gravi 
In guns of this conſtruction, the breech has a tendency to 
upwards, which renders the firing irregular and ſhortens the 
- range, as the ſhot often ſtrikes againſt the upper part of the 
bore, the movement of the breech is more violent when 
the coins are made of elaftic wood. There ate other irre- 
gularities of movement even in guns conſtructed on tle beſt 
principles, owing to the unequal height of the wheels of the 
carriages or the unevenneſs of the ground or platform. 

54. Shot which are rough or not ſpherical, or that have 
excentric cavities are unfit for ſervice. Irregularity of figure 
or unevenneſs of furface are ſufficient to change the direction 
of a ſhot, as daily experience teſtiſies; the obſervations- 
already made on moving bodies will explain why internal 
cavities not concentric with the ſhot, muſt produce ſimilar 
effects. If the ſhot encounter and paſs over any ſmal extra- 
neous body in its paſſage along the plane of the gun, its pri- 
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mary direction will be altered, and it will purſue a freſh one 
communicated to it by the ſhock againſt the fide of the gun. 


Men.. I 
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2 Ti E hardneſs of bronze and iron, and the great 
ificulty of making cannon ſhot perfectly ſmooth and — 
rical render it almoſt impoſſible that iron ſhot ſhould be made 
to fit a gun, with as much juſtneſs and precifiorr as leaden 
bullets fit carabines: it is neceſſary therefore to allow what 
is called windage; and for that purpoſe to make the calibre 
of the gun greater than the diameter of the correſponding 
ſhot : the proportion between them muſt be ſuch as to allow 
for any little unevenneſs in the bore of the gun, or on the 
ſurface of the ſhot, and to admit of its being drawn out by 
the ladle, or other means, if by accident any extraneous body 
be lodged in the-gun. | 

56. If fired powder followed a conſtant law, the windage 
could be reduced to a fixed rule (55), ſo as to guard againſt 
all contingencies; but as this law is ſubject to great varie- 
ties, it is neoeſſary to examine how far the increaſe or decreaſe 
of windage contributes to the more ſudden exploſion of the 
powder. Among the many experiments made in the Treatiſe 
on Powder, to demonſtrate the exiſtence of theſe modifica- 
cations, there is one (111) which ſhews how much. the 
force of powder in muſquets is affected by the ſize of the 
vent; the following experiment proves that its inflammation 
and effects are alſo modified by the windage of the ſhot. 

57. In the month of July 1959, the CoumManDer DE 
VincenT1, colonel of artillery, made the following experi- 
ments. with two 16 prs. of the fame weight and length, 
but of different calibres ; the calibre of A was divided -into 
813 parts, and that of B into 819 of the ſame parts ; the guns 
were fared horizontally mounted on their carriages upon plat- 
forms perfectly horizontal. The ſhot were of two kinds, 
and grazed on an even piece of ground about 5 feet below 
the axis of the gun; the ſhot of the firſt kind had the dia- 
meter C divided into 784 of the above mentioned parts, 
and weighed lb. more than the proper weight; 3 
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=D of the ſecond weighing ; more, was divided into 
of the ſame parts, 2 grained powder was uſed ; the 
charge was 4 Ib. 2 0z. put into flannel cartridges in order to 
collect it exactly in the ſame manner at each diſcharge : the 
wads were of junk; two gunners gaye three ſtrokes with 
a rammer to the one over the powder, and two to that over 
the ſhot : the following table ſhews the reſult; 


No. of Rounde, Yards. Yards. 

1 188 249 

11 8 11 * 2 
EGS» e n 23 1 224 
With Shot of Diameter C A 3 ed; — 

: 1 
I 

1 2217 © 1 * 

With Shot of Diameter =D ſ 2 | "29 | fait A 

ebe. 14 e © 1 '. og. 


After the firings, the bores were as ſmooth as before the 
experiment, ſo that the ranges had not been affected by the 
ſhot ſtriking againſt the ſides, N a 

58. On comparing the calibres of the guns and the dia- 
meters of the ſhot, the following are in round numbers the 


proportions of the windage ; 5 e ee 

With ſhot of the firſt kind. With fhot of the ſecotid kind, 
A: e:: 28:27 A: D:: 20: 19 

— B: C:: 23: 22 p; 18:17 5 


On placing according to theſe proportions the num- 
ber of rounds in two diſtinct columns; comprehending in 
the one the irregular firings marked with an aſteriſt in the 
preceding table, but excluding them entirely from the other; 
we obtain the following medium z wr As 


3 +44 4 
Mapa 
0 " 
LEY 
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Yards, Tard. 
28 27 200 197 
2g - 38 23 247 
20 : 19 21 224 
18 17 203 199 


From this table of compariſons it may be inferred ; 


I. That when theſe guns are fired as above (57) the 
_. ſhot has the greateſt velocity when. the windage is in 
the ratio of 23: 22. | PHY 

2. That this proportion is the beſt, ſince not only 

tze initial velocity is the greateſt, but the percuſſion of 
the ſhot againſt the ſudes of the gun is avoided. 

IT 8: Thet any deviation from this proportion dimi- 

wil — the —2 vey, : 5 2 

89. On ing theſe proportions to a ia- 

| IE: as * _ for inſtance, ng for 1 ſup- 

paſigg dhe calibre of the guns be to the diameter of the ſhot, 

* e ene: | my 

. That on firing from theſe guns ſhot of a leſs 

Mameter, viz, thaſe of 153 pts. the initial velocity 


f would be diminiſhed by vr er ay 
«+ That with ſhot of 15 prs. it would be diminiſhed 
nearly +. 

a3 "Tat with ſhot of a diameter, viz, of 165 


pts. the Jaſs af velocity would be about 3, 

60. order of the King an invariable rule is laid down 
for all natures of artillery and ſhot ; their calibre is pre- 
ciſely determined, and directions given for aſcertaining whe- 
ther new. ſhot and guns have been caſt agreeably to the pro- 
portion therein. eſtabliſhed ; to avojd as much as poſſible the 
inconveniencies reſulting on ſervice from want of accuracy in 
this N N There was formerly much confuſion on 
this ſubject; eſpecially when the guns were nearly of the 
ſame calibre, as 15, 16 and 17 prs. but to take away all 
poſſibility of miſtake in future, —— 4) 
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a Notwithſtand- 
ing every precaution be taken to obſerve the order in its full 
force, ſhot are ſometimes received which differ in diameter 
from the eſtabliſhed ſtandard (59). Shot of this kind 
be uſed when it is not neceſſary to projet them with the 
greateſt initial velocity; as, for inſtance, when the 
tire againſt the firſt works thrown up by the beſiegers, or to 
diſmount their artillery ; and in richochet firing, or with 
hot ſhot, 

When there is a number of ſhot of different diameters, 
they ſhould be put into ſeparate piles; as by uſing them in- 
diſcriminately, it will be impoſſible to fire with preciſion or 


61. We learn from the hiſtory of artillery, that it has | 


frequently been a ſubjet of diſcuſſion among profeſſional 
men, what is the proper degree of windage for preventing 
the ſhot from flriking again the fides of the guns, which is 
attributed to the want of a juſt proportion between the cali- 
bres of the guns, and the diameters of the ſhot; and after 
long conſideration, ſame concluded that it was owing to the 
allowance of windage being too great; others to its being 
too little, | OR 
The erroneous idea, that fired powder converted itſelf into 
s of fire, which in their movement followed the law of 
r rays, made them imagine in the laſt century that the 
figure of burning glaſſes was the beſt for the chambers of 
mortars. The ſame opinion led them to believe, that ſhot 
were impelled by the action of the rays in an ue direc- 
tion, if the vents were placed on the upper part of the cylin- 
der, and to obviate this, they made ſmall chambers at the 
bottom of the bore: but experience has proved, that the 
percuſſion of the ſhot againſt the ſides of the gun, is owing 
neither to the windage nor to the ſituation of the vent; fince 
in guns of the ſame calibre and with equal windage, ſome 
have ſuſtained no injury from repeated firings, while others 
have been unſerviceable in a few rounds. 
62. The only property of windage is to facilitate the move- 


ment of a body lodged in a gun, in whatever direction it be 


impelled. The experiments (45, 46, 47) prove that without 
any regard to the proportion of windage, no damage enſues 
to the bore of the gun, nor is the ſhot thrown with lefs juſt- 
neſs if the metal be ſufficiently hard, if there be no irregu- 
larity of motion at the diſcharge, inaccuracy in the bore of 
the gun, nor defect in the ſhot, It reſults alſo (42, 43, 44) 

t 
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that if the gun have any of the defects mentioned in the pre- 
ceding chapter, the ſhot will ſtrike againſt it, whatever be 
the-windage ; but with this difference, that if the ſhot begin 
to - move I 7 — the pr windage and 
the longer the the more frequent will be the ſhocks ; 
this is too evident to need illuſtration, 

63. Our theory of the inflammation and exploſion. of 
7 deſtroys every idea of rays of fire (61), and proves 
that the greateſt force obtained from equal quantities of pow- 
der burned in veſſels of different figures is in that v ha re all 
the powder is collected the neareſt to the vent, by which 
means a greater number of grains are fired; or where the fire of 
the firſt-generated fluid is reflected which increaſes the inten- 
ſity of the heat, and produces more fluid in a given time; or, 
ceteris paribus from a proper combination of theſe two cir- 
camſtances : hence, curvilinear chambers in mortars, par- 
_ ticularly ſpherical ones, cauſing a quicker ignition, {ought to 

ve longer ranges than cylindric chambers. To prove by a 
Emple experiment that the property which burning mirrors 
have from their figure of concentrating the ſolar rays, has no 
effect in increaſing the force of powder fired in a veſſel of a 
fimitar figure; two 16 prs. were conſtructed on purpoſe 
at Turin in 1730. (Pl. 1, Fig. 3) A parabolic chamber 
CAD was made at the bottom CD of the bore FC DG 
of one —_ — the axis of the parabola was in the 
triplicate ratio of the calibre of the gun, the vent corre- 
ſponding to its focus : the other gun was of the ſame weight 
and length, its bore cylindric as FK LG, with the vent 
placed at the bottom. Theſe two guns were charged with 
equal quantities of powder, which exactly filled the parabolic 
chamber and were laid at 3* of elevation; the gun with the 
cylindric chamber ranged 414 yards farther than that with 
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4* Guns. 
64. Oo R anceſtors wiſhing to derive every n ble ad- 
vantage from the uſe of artillery, fixed certain dimenfions for 
2 eonftruQtion of their guns, and eſtabliſhed rules for their 
ts and calibres; which gave riſe to the cuſtom among 
eTratians" of diſtinguiſhing guns equal in length of bore 

— calibre, but differing i in weight, into heavy and medium 


artillery ? 
nean - 1*17 
0 r Witionre or Guns. 
Naturp of Quss· Heavy Guns, © Medium Guns.“ 
Fr. ut. gre, Ubi, ur. os Us. 
32 65 3 16 Seng: 29 
15 *. 97 23 2 32 822 
10 n 26 0 ys 


ILF 


The — — is intended for openwtiaus that — 
to be of long duration, as the ſieges of fortified —— well 
provided with troops and ſtore s... 

The medium attillery is deſtined to maren with — 
and be- uſed in affairs that muſt ſoon be termittatet; as gene- 
ral or partial engagements, attacks of poſis or 2 
1 houſes or village. 

* The ordinary figure of the bores of guns is eplindrc e; 
he length contributes to a certain point to inereaſe the initial 
— -of the ſhot, and give longer and juſter ranges. 
(Treatiſe on Powder). The length of the battering guns 
now in uſe, is not ſufficierit to project the ſhot with the greateſt 
initial velocity; = if they were made longer and larger 
charges uſed, they would become extremely unwieldy : 
moreover, experience has proved that theſe very long guns 
do not throw their ſhot with juſtneſs; and the ſhocks againſt 
their ſides, particularly near the muzzle, are more frequent 
and violent when charged with modern powder, which is 
conſiderably 


— gs — — — — 
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conſiderably ſtronger than that uſed formerly: the charges 
then being neceſſarily larger, occupied a greater ſpace in the 


length of the bore. Cannon not to be injured by long firing, 
ſhould 


and to project their ſhot with juſtneſs ( 25 be ſhorter 
than the guns anciently were: but exceſs on this ſide is to he 
equally guarded againſt, as on the other; for ſhort guns of 
Jarge calibre ſoon damage the embrazures ; the initial velocity 
of the ſhot, the length of range, and effects on the object 
are diminiſhed; and there is more probability of error in 
pointing fhort guns than long ones. 

66. After the various opinions that have at different times 
been ſuggeſted on the proper length of guns, intended to 
fire through embrazures, all nations ſeem to have adopted 


with little variation the following proportion : 


Nature of Guns. Length of Bore. 
Pr. Feet. Inches, 
32 — = 
16 — 6 
1 9 6 
4 * 6 9 


This is the common length: when longer they are termed 
long, and when ſhorter, hort guns. (Pl. 1, Fig. 2.) Set off 
on the line B F of a gun of any calibre three diameters of 
the bore, for the charging r divide the remainder C 
F into four equal parts at H, G, K, and make FL SFR: 
BL may be then conſidered as the greateſt length that guns 
ſhould be ever made of, to avoid the inconveniences pointed 
out in the preceding paragraph. and if from BF, K F be 
taken, the remainder B K is the leaſt length for guns with 
cylindric bores. 

67. When 32, 16, 8 and 4 prs. (66) are loaded with 
the uſual ſervice charges of powder and rammed with equal 
force, the initial velocities will in ſhort ranges increaſe 
in proportion as the calibres diminiſh; but in long ranges, 
the ſhot from the reſiſtance of the air will be projected farther 
from guns of large than of ſmall calibre, in proportion to 
the diſtance; as appears by the following experiments. The 

ns were loaded as above directed, and the ſhot ſeverally 

on three ſpots below the plane of the battery. 


NUMBER 
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Numer or YarDs BELOW THE PLANE OF THE 
BATTERY. 


11. 2d, 94. 
1 Tard. 80 Tardi. 190 Yardr, 
Nature of Guns, Length of Ranges. 
32 219 1045 2023 
16 229 1056 1961 
8 23 1050 1835 
4 23 1003 1703 


From the experiments made in the Treatiſe on Powder, 
(101) and others related by ſome Frxencna Authors to have 

made at DUNKIRK; it reſults that guns of the largeſt 
calibre give the longe/t ranges. The experiments at Dux- 
KIRK were carried on with 24, 16, 12, 8 and 4 prs. 
French guns laid at 45* of elevation; the charges of powder 
were equal to 4 of the weight of the ſhot ; and the length 
of the guns was 11 feet. 


Nature of French Guns, Length of Range. 
Pr. Yards. 
24 — 2 4817 
16 — — 4324 
12 — — 4002 
8 * wo 3552 
4 — — 3254 


68. Hence it may be inferred that common guns of large 
calibre will range farther than long guns of ſmall calibre ; 
the latter are principally uſefull againſt objects not too diſtant 
or folid : of this kind are long 8 and 4 prs. which are 
placed to great advantage in fortreſſes ſituated on'plains or 
gentle eminences, to keep the enemy in reſpect and com- 
mand the environs of the place; as fewer men are required 
to work them, and much ammunition is ſaved. 

69. Long guns of large calibre ſhould only be uſed in caſes 
of neceſſity ; ſome 32 prs. for inſtance, may be placed in 
works ſituated on mountains to moleſt the beſiegers, when 
they can form their magazines and park of artillery out of 
the reach of ſmaller nds in maritime towns to keep 

| 2 the 
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the enemy's veſſels at a diſtance, Formerly i:ſtead of long 
guns, they uſed guns of the common length with ſphetical 
chambers at the bottom of the bore, larger in diameter than 
the calibre of the gun ; they ſometimes ranged farther than 
long guns; but theſe chambers ſhould be reprobated on every 
other occaſion, from the great difhculty of loading them: 
they muſt be very ſtrongly reinforced, the trunnions placed 
in ſuch a manner as to prevent any irregular movement at 
the diſcharge, and the carriages made to admit a higher ele- 
vation than thoſe of the common conſtruction. | 

70. Short guns of large calibre and cylindrie bore may be 
planted on works, where it is neceſſary to have guns, but 
not room ſufficient for the recoil and management of longer 
guns: but as they are deſtructive to the embrazures, howit- 
zers or cartonades ate preferable to them, if from the point 
where 3 are placed, it is only intended to fire caſe ſhot, 
for they do not damage the embrazures ſo much as ſhort 
guns; their charges being leſs in proportion to their calibre, 
and the diameter of the chamber leſs than the diameter of 
the bore. | 

71. An army deſtined to act in a champaign country 
ſhould” have a train of artillery (64) compoſed of medium 8 
and 16 pounders. In caſe it may be neceſſary during th: 
campaign to occupy a poſt or attack a town ſurrounded wit! 
occaſional works or ſingie walls, ſome guns of large calibre 
ſhouid be depoſited in a fecure place within reach of the 
army. The trunnions of medium guns ſhould be placed 
nearer the muzzle, which would render them firmer on 
their carriages and more regular in their movements. 

72. When the ſcene of action lies in a «mountainous 
country, where from the badneſs of the roads the tranſport 
of carriages is almoſt impracticable; a few pieces of iron 
ordnance may be placed in the poſts of the greateſt import- 
ancez and the train of artillery left in the rear, till local 
circumſtances or the future operations of the campaign make 
it neceflary to bring it up. Should there be a neceſſity of 
having ſome ſhort guns (66) for opening a paſſage through 
defiles, &. the diameter of the chamber ſhould never exceed 
the calibre of the gun, as they are very uncertain in their effects. 

In the laſt century very ſhort and light guns of different 
natures and leſs in calibre than 4 prs. were invented for 
accompanying troops through rough and difficult coun- 
tries; but experience has ſhewn that they do not produce the 

. advantages 
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advantages their projectors promiſed ; and that, independent 
of a heavy and uſeleſs expence, they cauſe much embarraf- 
ment in the diſpoſition and movements of an army. 

3. Guns caſt of iron of a very tenacious quality may be 
uſed in places of ſmall importance, field works and hte 
parts of permanent fortifications that cannot from their ſitu- 
ation be obliged io maintain a very long cannonade : they 
are generally two diameters ſhorter than braſs guns of the 
ſame calibre, it having been found by experience that when 
very long the muzzle is ſoon injured; wheretfore there are no 
lang guns of iron. Iron guns for ſhips of war are made 
nearly of the length of ſhort braſs guns (56), for the facility 
cf loading them within the port-Holes to ſhelter the feamen 
from the enemy's muſquetry ; for though their initial velocity 
be leſs, that is looked upon as a matter of no great moment, 


ſince ſhips can approach near enough to each other to make 


the ſhot penetrate the ſides, 

74. In determining the length of the barrels of muſquets, 
it was not conſidered which would impel the bullet with the 
greateſt initial velocity, but which was beſt adapted to the 
different methods of fighting: for muſquets that are too long 
or too ſhort are equally inconvenient, and the foldier thould 
ever be aſſured of the goodneſs and eſfict of his fire-arm (7). 
Dragoons being deſtined to act occationally, either as infantry 
or cavalry, are armed nearly in the fame manner as infantry; 
while that the carabine and piſtol of the horſe being of no 
ſervice on a charge, but only on detachments or ſkirmiſhes, 
the facility and eaſe of managing them on horſeback are 
chiefly attended to. 

75. Mortars in the firſt year that ſucceeded to their inven- 
tion, were conſtructed of different calibres, figures, and di- 
menſions, according to the various ſervices tor which they 
were deſigned : the hore of the largeſt was 20 inches in dia- 
meter, that of the ſmalleſt 54 inches; the latter were called 
royal mortars. The largeſt mortars at preſent do not exceed 
15 inches; thoſe of 13 inches are maſt commonly uſed, 

76. From 'the interior figure of mortars, the elaſtic fluid 
generated in the chamber is dilated on paſſing into the chaſe: 
its preſſure againſt the ſhell is ſtill ſufficient to give it a proper 
velocity, unleſs the- charge be too ſmall ; as is ſeen.in carro- 
nades and howitzers, which in reſpect to their interior figure 
may be compared to mortars with cylindric chamber-. The 
regularities of ranges of mortars fired under a larger angle 

| | | I 3 than 
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than 15 may be owing to the bombardiers that load the 
mortar; or to the recoil not being in the direction of the 

: the too great length of the chaſe is the cauſe of both 
theſe circumſtances ; for before the ſhell can quit the mortar, 
it has recoiled a ſpace equal to half the difference between the 
diameters of the mortar and of the ſhell ; the direction of the 
latter is then altered by ſtrikingagainſt the mortar, which 
is frequently much damaged. | 

77- The chaſe ſhould be ſo ſhort that the bombardier 
may eaſily adjuſt the powder and the ſhell; and that the ſhell 
in quitting the mortar may not be able to ſtrike againſt it, 
and alter its recoil, The chaſe of the largeſt mortars ſhould 
be a diameter and half of the bore in length, which would 

tly facilitate the loading : upon this principle the chaſe of 
[mall mortars might be longer: but as the ſtriking of the 
ſhell againſt the mortar depends on the difference between 
their diameters, the length af the chaſe muſt in all mortars 
be proportionate to the diameter of the bore, the proper 
degree of windage having been previouily determined. 

78. From the maſt accurate experiments that have been 
hitherto made, it appears that mortars will be of the beſt 
proportion, when the length of the chaſe does not exceed a 
diameter and half of the bore, and when the windage is 
23: 22. If the windage be leſſened, the chaſe muſt alſo be 
ſhortened, as in mortars uſed in proving powder; where 
very little windage being allowed, the length of the chaſe is 
only a diameter and a quarter of the bore. 

79. The beſt length of the chaſe in mortars, for facili- 
tating the operations of the bombardiers and preventing the 
ſhock of the ſhell, and the obliquity of the recoil being 
determined; it is neceſſary to have recourſe to expedients 
to give __ initial velocity to the ſhells, which is 
des — on ſervice without lengthening the chaſe: this 

ed: 

1. By conſtructing the chamber of ſuch a figure that 
the * being collected cloſe to the vent, more of 
the fluid may be generated in equal times: the ſpherical 

figure is the beſt for anſwering this purpoſe, as has been 
explained in the Treatiſe on Powder, 

2. By oppoſing a great reſiſtance to the exploſion of 
the powder, without increaſing the weight of the ſhell, 
by which means more of the elaſtic fluid will be gene- 
rated before it is in motion; this reſiſtance may be aug- 
mented by placing a tompion of wood over the — 
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that is rammed upon the powder, and by preſling earth 
cloſe round the tompion and the ſhell ; the initial ve- 
locity will be thus increaſed. 

By increaſing the ſize of the chamber. 

80. Stone mortars are uſed for throwing troops, work. 
men, &c. at ſieges into confuſion : the chamber is in form 
of a troncated cone, whoſe leaſt baſe is towards the vent; 
they are fired with ſmall quantities of powder, as with large 
charges the ſtones would ſpread ſo much that few or none 
would have effect. Their diameter ſhould not be leſs than 
15 inches, nor the chaſe leſs than a diameter and a half in 
length, that it may contain a ſufficient quantity of ſtones : 
by increaſing the diameter and length of the chaſe, they 
would contain more ſtones, and conſequently be more de- 
ſtructive; but then from their weight they would be very dife 


ficult to tranſport. 


CHAP, VI. 


Or Tux Trickness or METAL in FitE-ARMs. 


$1. THtrt are two extremes to be equally avoided 
in determining the thickneſſes of metal in fire arms; the one 
is, making them too thin and light; the other, too ſtrong 
and heavy: the danger ariſing from the firſt is too obvious to 
need inſiſting on; the ſecond is comprized within certain 
lmits. The metal proportionally diſtributed throughout the 
whole length of the piece, ought to be capable of reſiſting the 
forces which at each point tend ta burſt it; and of ſuch a 
weight as to prevent any irregularity in the motion of the 
ſhot, that would materially affect the juſtneſs of the firing 
(9) : we will endeavour to aſcertain theſe limits. 

82. No abſalute and general rule can he laid down for the 
thickneſs of metal in guns, ſince ſeveral phyſical points ars 
involved in the problem. In a gun of a given calibre, the 
thickneſſes proper to reſiſt the preſſure of the fluid, may be 
known by firing it very ſtrongly reinforced ſeveral times with 
the fame charge ; then thinning the metal and firing it again 
with the ſame charge ; and thug ſucceſſively diminiſhing the 
thickneſſes, till they he ſa reduced that the piece burſt at once 
in every paint of its wy. Such experiments cannot be 
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concluſive in all caſes, though made with the utmoſt accuracy; 
as there may be defects in the maſs of metal, for which 
allowance cannot be made. To avoid ſuch a tedious proceſs, 
the ſcale of preſſures of the fluid againſt the ſhot may be 
conſtructed ; this method of reſolving the problem is the moſt 
eaſy and ſimple: but the greater the diſtance of the point 
where the thickneſs of metal is determined from the place 
where the ſhot is lodged in the gun, the leſs exact will be the 
ſolution. | | 

83. To enable guns to reſiſt the preſſure of the fluid, the 
thickneſſes of metal muſt be determined from the ſcale of 
preſſures. With reſpect to heavy artillery (64) ſeveral rounds 


- ſhould be fired from three or four guns, differing in length 


but of the ſame calibre as the guns whoſe thickneſſes are 
ſought, with the larger ſervice charges; the wads rammed 
down with more force than with the medium charge ; and 
the initial velocity of each ſhot meaſured. (Treatiſe on-Pow- 
der.) To conſtruct a ſcale for eſtimating the proper thick- 
neſſes of medium artillery (71), the largeſt charges ſhould 
be uſed that the guns will bear, and the wads rammed with 
the ſame force as the wads of guns more reinforced and loaded 
with the common charge: it is eſſential to obſerve this, as 
from the different reſiſtance of the wads, a conſiderable diffe- 
rence ariſes in the ordinate that expreſſes the greateſt preſſure 
of the elaſtic fluid, and ſucceſſively in the other ordinates ; as 
may be inferred from the fourth chapter of the Treatiſe on 
Powder, where the modifications of the elaſtic fluid in the 
cylindric bores of guns are conſidered. The initial veloci- 
ties of the ſhot being meaſured, and a line drawn to expreſs 
the ſcale of velocities in certain ſpaces, the ſcale of corre- 
ſponding preſſures may be found from this line by the me- 
thod directed in the treatiſe on moving bodies. It ſhould be 
remarked that the velocities of ſhot from guns of large calibre 
fired with large charges, are produced by the preſſure and 
impulſion of the elaſtic fluid, which, generated at the bot- 
tom of the bore, acts with ſuch force on the ſhot (37) as to 
communicate to it a conſtant velocity, which the ſecond wad 
however ſtrongly it may be rammed cannot deſtroy. The 
ſcale ſhould then be parallel to the axis of the gun; and its 
diſtance from it equal to a right line drawn perpendicularly 
to the axis, expreſſing the conſtant velocity produced by the 
impultion of the fluid, EP 2 


84. This 
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84. This being premiſed; let a gun (PI. 1, Fig. 4) 
AB CD be caſt of the fame metal, calibre, and length as 
thoſe of which the thickneſſes are ſought, and its dimenſions 
determined by a right line C D drawn obliquely to A B, ſo 
that the thickneſs A C of the breech may reſiſt the preſſure 
of the fluid; the thickneſs B D at the muzzle will be much 
leſs. Suppoſe this gun (83, burſt at the firſt round in any 
point between A and B, as at G; ſhould it burſt in ſeveral 
places at once, moſt attention ſhould be paid to the opening 
next the breech. Let FG where the metal yields to the 
preſſure of the fluid be thickened in the proportion of the 
tenacity of the bronze, heated by firing as much as it can be 
on ſervice (35) to its tenacity when cold, and call jt = m 
then m expreſſes the proper thickneſs of metal at the point 
G of the length A B. It is eſſential to remark, that the 
fracture in G was occaſioned ſolely by the preſſure of the 
fluid, and not by the percuſſion of the ſhot againſt the ſides 
of the gun, nor by any defect in the metal; as may be 
known by examination. 

85. Let HE repreſent the bore of a gun, whoſe thick. 
neſſes of metal are ſought; (Pl. 2, Fig. 5) draw the ſcale 
LOQR (83) of the preſſures of the fluid deduced 
from the rectangular ordinates; make EP equal AG (Pl. 1, 
Fig. 4) and P T equal tom; then if OP be the greateſt 
ordinate of the feale L OQR, from the point T draw T Y 
parallel to PE for the thickneſs of metal from P to E; in 
order to find them from P to H make the following propor- 
tions; PO: NQ: PT: NV, and PO: HR:: PT: HX, 
draw a line through the points T VX; then VT VX will 
be the ſcale of thickneſſes ſought. But if K L be the greateſt 
ordinate, find K S a fourth proportional to PO, TP, KL; 
and from the point S draw S Z parallel to K E, in order to 
have the thickneſſes from K to E; then ZSTV X will be 
the ſcale of thickneſſes in the whole length E H of the gun. 

86. To apply this theory to a particular caſe ; (Pl. 2, 
Fig. 5) let a 32 pr. be charged with 13 lb. 2 oz. of 
fine war powder, and the wads rammed ſo as not to dimi- 
niſh the volume of the powder. Let the proportion of tin 
in the gun- metal be g and the gun be ſo heated as to fire 
powder ; its greateſt thickneſs in a ſtate of equilibrium will 
be K S. If the gun be fired under the moſt favourable cir- 
cumſtances to the inflammation of the powder, that is, 22 
1200 (33) the greateſt thickneſs K S ought to be 74 of the 

„ | diameter 
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diameter of the bore, and the leaſt thickneſs H X between 
and 2 of K S. If the proportion of tin be ; the greatef 
thickneſs K S ſhould be 34 of the diameter of the bore and 
HX or x of 34. 

$7. the following conſequence may be drawn from a con« 
fderation of the theorem 9962 3 (33): 

1. That in two guns of equal calibre caſt from a dif- 
ferent compoſition, fired with equal charges of powder, 
and wadded in the ſame manner; if r and n be conſtant 

uantities, the thickneſſes n at points equally diſtant 
the bottom of the bore ought to be in the reci- 
procal ratio of the tenacity g of the different metals. 

2. That in the ſame gun on altering the charge, as 
. of the different points will differ from thoſe 
produced by the firſt charge, the correſponding thick- 
neſſes ſhould be in the ratio of the ſecond preſſures. 

3. That in two guns of different calibres, if the 
tenacity g and the preſſure : in points equally diſtant 
from the bottom of the bore, the ſame ordinate will 
expreſs both; the thickneſſes n of the two guns in 
the ſame point will be proportional to the radii = r and 
thence to their calibres. 

88. If the thickneſſes of a gun correſpond with certain 
determined circumſtances ; (Pl. 2, Fig. 6) as for example, 
if ABCD be a 32 pr. of which the thickneſſes H H, 
K K, AL are as before expreſſed (86) and it be wiſhed to 
determine in a gun DCF G of a different calibre, the cor · 
reſponding thickneſſes MM, N N, GP, the problem may 
be eaſily ſolved by the concluſions drawn in the laſt para- 

ph, without having recourſe to experiment : other 

lems alſo that are connected with the modifications of the 
fluid may be ſolved by the ſame method, 

89. The rules here laid down for determining the thickneſſes 
of metal in guns of cylindric bores would anſwer for every 
poſſible caſe, if the ſhot never ſtruck the ſides : but if in a 
gun thus proportioned, the thot ſhould ſtrike the ſides, the 
metal would yield and the gun burſt. Theſe percuſſions of 
the ſhot produce in braſs guns two different effects: they cauſe 


hollows in the inſide, which are always perceptible whatever 


be the ſize of the gun; but the harder the metal, the leſs 
impreſſion the ſhot makes : thus they cannot be avoided by 
adding to the thickneſs of metal, but may by increaſing its 
dsa: hut what is thus gained in lein is lf. in 

tenacit; 
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ity. The ſecond effect produced by the ſhot is the 
| bulging or external ſwelling of the metal, the cracking 
and conſequent ruin of the pieces : this depends on the 
combination of tenacity with the thickneſs of metal; and 
to prevent it, the thickneſſes muſt be augmented. In iron 
guns, when the percuſſions of the ſhot are very violent, 
the piece burſts without any hollow being. found in the 
bore, or any ſwelling on the outſide : wherefore, if the tena- 
city of iron could be ſufficiently increaſed without prejudice 
to its hardneſs, it would be preferable to any other metal. 
go. To determine the thickneſſes from the point IT, (Pl. 2, 
Fig. 7) where the ſhot is lodged, to the muzzle of the gun, 
ent the metal from bulging ; it is neceſſary to have 
the ſcale T LM of the velocities in the ſpaces IP, T C. 
The force with which the ſhot Arikes the gun in any point 
asin V, is expreſſed by the product of the weight of the 
ſhot, multiplied by the correſponding velocity PL, and b 
the right fine of the angle of incidence K VA. If t 
ſhocks proceed from a conſtant cauſe, viz. an orbicular 
cavity in T, the point that the ſhot ſtrikes is farther diſtant 
T as the cavity is leſs deep, and the angle of incidence 
K becomes leſs. But if the ſhocks proceed from any 
adventitious cauſe, which alters the direction of the ſhot, 
and gives an irregular motion to the gua (53) then the 
angle of incidence may be greater, and the force at the 
different points V will be proportional to the correſponding 
velocity PL. That the thickneſs of a gun may be pro- 
portionate to the greateſt ſhocks it can receive, experiments 
ſhould be made with pieces of metal of the ſame quali 
as that of which the gun is caſt ; and the proper thickneſs 
at the muzzle to -prevent its burſting or yielding in an 
manner to the ſhot determined, - Suppoſe this thickneſs = 
N, then CM:PL::BN:;V Q; the line HN will be 
the ſcale of thickneſſes ſought, and will cut in the point R 
the ſcale 8 FRG D of the reſiſtance to the preſſures of the 
fluid (88, 89): therefore the line SF R Q N will determine 
the thickneſſes throughout the whole length of the piece, 
capable of reſiſting the forces that tend to burſt it, | 
91. In thus proportioning the thicknefſes of metal to, 
the force of the moſt violent ſhocks, the gun would be thicker 
at the muzzle than at the breech, and of courſe extremely 
unweildy. But as theſe direct ſhocks can only ariſe from 


e 
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of the fluid againſt the ſhot, act in the direction of the axis; 
the thickneſſes determined by the line RN, may be much 
diminiſhed without any riſque of burſting the gun. The 
following obſervations made on more than 100 guns that 
were rendered unſerviceable by the ſhocks of the thot, may 
be adduced in order to aſcertain ſome limits for this pro- 

+ Theſe guns in reſpect to thickneſs of metal, were 

of three kinds : the firſt were determined by a ſcale made 
from the diameter of the bore; the thickneſs at the breach 
was one diameter; at the end of the firſt reinforce g; at 
the beginning of the ſecond reinforce {+ ; at the end of the 
ſecond reinforce Ig; at the beginning of the chaſe ; and 
at the muzzle . The guns of the ſecond kind were in 
the ſame proportion, but the ſcale formed from the diameter 
of the ſhot, ſo that they were not ſo thick as the firſt kind. 
The third kind was as the ſecond, proportioned from the 
diameter of the ſhot from the breech to the firſt reinforce ; 
but, at the beginning of the chaſe was only Ig of the dia- 
meter, and at the muzzle ,. The leaſt thickneſs of the 
ſwell of metal at the muzzle was, including the ornaments, + 
of its. diameter in the three kinds of guns, It was ob- 
ſerved ; | 

1. That in the guns of the firſt kind, a very violent 
ſhock cauſed neither crack nor bulge in whatſoever 
part it ſtruck: the force and direction of the ſhock 
being — from the form and depth of the cavity. 

2. That in the guns of the ſecond kind, the ſhot 
having ſtruck violently between the half of the chaſe 
and the muzzle, the metal bulged out; and at the 
ſacceeding round, the muzzle dropped. 

3. In the guns of the third kind, bulges and cracks 
were obſerved at about + of the length of the chaſe; 
and though the exterior of the muzzle did not appear 

the leaſt altered; yet, at the next violent ſhock it 
dr ; 

92. From the preceding obſervations yo it may be 
concluded; that if the gun from A to G (PI. 3, Fig. 8) 


has its thickneſſes AC, G D=4+ ot the diameter of the 
bore, and BF = ; the right line DF, will expreſs the 
thickneſſes neceſſary to reſiſt the forces that tend to burſt the 
gun, viz. the action of the fluid at N, and every other point 
of the length of the bore, and the moſt violent ſhocks from 
the ſhot; provided that the ſwell of metal H at the _ 

| ; "£20 210 
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2le be not leſs than 4+, and be for greater ſecurity connected 
with the muzzle aſtragal, by the convex line HLK. Gun- 
metal not being ſufficiently hard to prevent the ſhot from 
making impreſſion when they ſtrike with great force againſt 
any part of the chaſe, it would be better, as a means of 
obviating this inconvenience in ſome meaſure, if the moulds 
were placed in a different poſition from what they are at 
preſent, with the breech up and the muzzle down, as in 
caſting mortars : by this method the metal at the chaſe 
would be denſer than at the breech, and of courſe more 
hard and tenacious. This with proper precautions, may be 
done whether the guns be caſt ſolid or with a core. 

3. Guns conſtructed on theſe principles (92) tho” ſuffici- 
ently ſtrong are defective in two points: they are too light, 
and conſequently their motion being irregular, it is im- 
poſſible to fire with juſtneſs ; and there is a neceſſity for 
placing the trunnions too near the muzzle, that the motion 
of the breech may not be ſo violent as to render abortive 
every attempt to hit the object: from the latter circumſtance 
alſo, they cannot enter far enough into the embrazures; 
which are very ſoon deſtroyed by the exploſion of the pow- 
der. The beſt remedy for theſe defects is to reinforce the 
gun particularly at the breech, according to the proportions 
laid down in the firſt, book of artillery: it will then be ſuffi- 
ciently heavy to prevent any irregularity even with the largeſt 
charges; the trunnions may be placed nearer the breech, 
and the muzzle will enter farther into the embrazures. 

94. The dimenſions * 8, 9,) for the body of the piece 
being thus determined; the proper poſition of the trunnions, 
caſcable, baſe-ring and dolphins muſt be aſcertained. The 
trunnions ſhould be placed between the centre of gravity 
and the muzzle, that the gun may be rather heavier at the 
breech, without rendering it difficult for two gunners to raiſe 
it with their handſpikes, for the purpoſe of laying it, and 
that it may enter far enough into the embrazure ; their dia- 
meter is equal to one calibre. The poſition of the dol- 
phins ſhould be ſuch, that when the gun is ſuſpended by 
them, the breech may preponderate a little, that by taking 


hold of the caſcable it may be the more eaſily managed. It is 


cuſtomary to engrave on the upper part of the gun, the 
arms of the king and the maſter general of the ordnance, 
with inſcriptions, trophies, &c. which obliges the founders 
to raiſe the baſe-ring, and the ſwell of metal at the muzzle 

higher 


— 00w — . — 
Fe 


— 
9 * 


. 


— 
Þ = 


—_——— R er 2 — — 32323 
1 - * — „ —xꝛp 
1 SER # 4 - 
* — 28 2 * * * 
* 1 2 1 


"+ — — - 


S 
22 


— — 


ä 


— a 


. +.” 
- +> a - Se 


. 


ä = ez 2 UW > ne” "5 


* 
_— 


— — 


142 OF Gux-ME TAL. 


higher than the ornaments, that the viſual ray may paſs over 
them. If the HO be higher than the ſwell of metal 
at the muzzle, the viſual ray will cut at a ſmall diſtance 
the axis of the gun produced ; this will make it eaſy to 
point at diſtant objects that are not much elevated above 
the plane of the gun, when there are no higher objects be- 
hind. them to fix the eye, as often happens in the attack 
of citadels. The junction of the muzzle to the neck, will 
conſiderably reinforce the gun at that part. The metal at 
the bottom of the bore is much thicker than at the other 
s, the better to reſiſt the exploſion : the formula (Philoſ. 
nſtit,) for meaſuring the reſiſtance of the baſes of cylin- 
ders, will exactly aſcertain the quantum of this exceſs, 

95. A gun mounted on its 2 is ſupported by the 
trunnions, and reſiſts the exploſive force of the powder by 
the tenacity of the metal of which it is caſt : the momen- 
tum of this force is expreſſed by the product of the weight 
of this part of the gun, into the diſtance from the centre 
of gravity to the point of ſupport. On applying this prin- 
ciple to our theory (Philoſ. Inſtit. 233) it will appear that 
the metal heated as much as it can be on ſervice is greatly 
ſuperior in tenacity to the different forces that tend to bend 
or burſt it. | 

Some guns that had been rendered unſerviceable at the 
attack of SAavona, were ordered to be brought to P1zp- 
MONT: for the facility of tranſport they were ſawed in 
pieces, which gave an opportunity, previous to the operation, 
of aſcertaining experimentally the truth of the foregoing 
principle: A 32 pr. conſtructed on the ſame proportions 
as guns of the firſt kind (91) was fixed by its trunnions 
upon a rock; the breech was ſolidly built into a wall, ſo 
that from the trunnions to the muzzle it was ſuſpended in 

the air ; the part not fixed in the wall was heated by a large 
wood fire, till a ſtick on touching it ſmoked, and inſtantly 
blazed ; a much greater degree of heat than guns ever ac- 
quire in the heavieſt and longeſt cannonades. The gun 
being thus heated, two workmen gave more than 100 ſtrokes 
with a ſledge hammer on the ſwell of metal at the muzzle, 
with all their might, without doing it the leaſt injury: from 
this experiment where the force employed to overcome 
the tenacity of the metal was ſo great, we may infer that 
the chaſe is capable of ſufficient reſiſtance, 
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956. From theſe premiſes, the following concluſions may 
be drawn with regard to heavy artillery. | 

1. That long guns ought to be caſt of a harder metal 
and more reinforced from the middle of the chaſe to 
the muzzle, as in that part guns of this nature are moſt 
expoſed to be ſtruck by the ſhot. 

2. That ſhort guns intended to be fired with large 
charges ſhould be reinforced as much as guns of the 
common length, ſince they have equal forces to reſiſt: 
for example, if A T be the length of a ſhort gun 
that has the ſame thickneſs of metal as the common 
gun AB; (Pl. 3, Fig. 8) ſuppoſing A B to be ſawed 
aſunder in T, the ſwell of metal ſhould be placed at T, 
and the trunnions fixed nearer to the breech, to make ir 


preponderate. 

3. If the medium charge be the largeſt ever uſed for 
theſe guns, and be rammed in the common method, 
the thickneſs A C may be I of the calibre, and the 
other thickneſſes diminiſhed from the breech to the 
muzzle in the proportion of common guns. 

4. If theſe ſhort guns are only intended for firing 
caſe-ſhot without wadding, the calibres may be ihcreaſed 
and the thickneſſes conſiderably diminiſhed. A cylin- 
dric chamber made at the bottom of the bore, will lefſen 
the charge of powder and of courſe preſerve the embra- 
zures. | 
If (71, 72) containing + of tin only be fired with 

* e and the wad — five and the 
ſecond three ſtrokes from two gunners ; the thickneſſes of 
metal may be ſo proportioned that the weight of medium guns 
may be the ſame as before expreſſed (64); and in ſhort guns 
of cylindric bores (66, 72, 96, No. 3) they may be dimi- 
niſhed, if the charges be [efiened or the wads compreſſed with 
leſs ** "0 4 

8. In ns and even in medium guns, (6, 7, 8, 9) 
the trunnions ſhould be placed nearer — the — — 
they are never intended to fire through embrazures: if 
this be deemed inexpedient, ſome method may be deviſed 
of fixing the breech to the carriage. Many inventions have 
been propoſed for this purpoſe, of which the artilleriſt may 
conceive an idea from the models in the royal ſchools. By 
placing the trunnions nearer to the breech it will pre- 
ponderate leſs, and the gun be more eafily depreſſed or 


elevated. 
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elevated. The viſual ray ſhould paſs over the ornaments 
and interſect the axis of the piece produced not far from 
the muzzle (94). From the conſtruction of theſe ſhort 
guns, there is a very great difference between the dia- 
meters of the baſe - ring and muzzle, which being conſidered 
by ſome artilleriſts as a defect, a projection was made upon 
the baſe · ring of ſome guns caſt in the laſt century, and 
pierced with holes; which gave the gunner a free and unin- 
terrupted view along the gun, and enabled him to lay it with 
preciſion to very diſtant objects: others have imagined a 
moveable inſtrument pierced with holes, the baſe reſting ver- 
tically upon the baſe ring, by means of which the gun could 
be laid at different elevations as the viſual ray paſſed through 
the holes along the gun towards the object; other holes were 
made horizontally to correct the direction in caſe the preceding 
one was wrong: but as artilleriſts may ſupply the want of theſe 
inſtruments in a very ſimple and eaſy manner, it is unneceſſary 
to dwell any longer on the ſubject. 

99+. The thickneſſes of metal in mortars are the ſame as 
were uſed by our anceſtors for a long ſeries of years. The 


theorem 9962 nr *=2rm+m?* x q will ſhew that the thick- 
neſs. at the breech in mortars with ſpherical chambers is ſuf- 
ficient to reſiſt the ſtrongeſt preſſures of the fluid, when the 
chamber is filled with fine war powder confined by a tompion 
of wood, and the ſhell ſurrounded with earth ſtrongly com- 
preſſed. The theorem (Philoſ. Inſtit.) for the baſes of cy- 
linders will ſerve for mortars with cylindric chambers, but as 
the modern powder is much ſtronger than that uſed in the 
laſt century, the thickneſſes may be increaſed 4, and then the 
mortars will be ſufficiently ſtrong for every purpoſe. 

100. In mortars fired with the largeſt charges, the elaſtic 
fluid generated in the chamber is conſiderably dilated on 
paſſing into the chaſe; the ſcale of preſſures therefore will 
very ſuddenly approach the axis of the mortar z whence no 
damage can enſueif the thickneſſes have been properly pro- 
portioned. Mortars caſt on theſe proportions, of metal 
containing + of tin, reſiſt the preſſure of the fluid, and 
every other force that tends to deſtroy them, as the impulſion 
of the fluid, and the percuſſion of the ſhell: but if the 
chaſe be not united to the breech by a conſiderable thick neſs 
of metal, it will be broken off, or at leaſt incurvated. 
the metal contain 4 of tin, the impreſſion of the ſhells will 
be leſs ; but the thickneſs muſt be increaſed, 

101. Mortars 
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tor. Mortars are moreover liable to an accident that 
defeats every good purpoſe expected from the uſe of them; 
viz. the burſting of the ſhell in the mortar, or immediate! 
on quitting it. This may proceed from a defect in the fuſe, 
the negligence of the bombardiers in loading the mortar, or 
not priming it before the fuſe is ſet fire to, or fiom a hole in 
the thell through which the fire from the exploſion com- 
municates with the powder. When from either of theſe 
cauſes it burſts in the mortar, it generally renders it unfit for 
further ſervice. Increaſing the thickneſs of metal in mortars, 
whatever be the motive, will be always advantageous ; pro- 
vided they are not too unweildy : ſince in all fire- arms ſoli- 
dity adds to the juſtneſs of execution. 

102. The trunnions if equal in diameter to the ſemi-dia- 
meter of the mortar will be ſufficiently ſtrong : they ſhould 
be let into the bed throughout the whole length, or at leaſt 
the points of ſupport ſhould be near the breech of the mortar; 
for when they are ſupported only by the extremities, they 
are liable to bend and break, as has frequently happened. 

103. Mortars are made of different diameters according to 
the uſes for which they are deſigned ; thoſe from 15 to 20 
inches, are for throwing ſtones to retard the progreſs of 
the beſiegers, and are never fired to a greater diſtance than 
350 yards, as in longer ranges, the ſtones are too much 
cattered to do execution; their chambers therefore are in 
form of a troncated cone, with the greateſt baſe towards the 
muzzle and contain but little powder. This mortar having 
no great effort to ſuſtain, may be leſs reinforced: the 
thickneſſes allotted for ſtone mortars will anſwer for every 
purpoſe in which it is uſed, as in throwing fire balls, car- 
caſſes, &c. 

104. Thirteen inch mortars, with chambers ſpherical, 
elliptical, or in form of a pear, are deſigned for throwin 
ſhells to deſtroy magazines and other military edifices, it 
it be wiſhed by increaſing the range to add to the eſſects of 
the ſhell by the height of the fall, the ſpherical chamber is 
the beſt ; but then it is neceſſary to increaſe the thickneſſes of 
metal, to inſure proper reſiſtance and ſolidity. In the laſt 
century, 20 inch mortars were made with curvilinear cham- 
bers to fire from very great diſtances, that the ſhells might 
fall with irreſiſtible force on magazines and other buildings; 
but their exceſſive weight has cauſed them to be diſuſed in 
land ſervice : even 15 inch 2 are very difficult to Work 
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upon batteries, and the ſhell is very unweildy ; they are 
principally uſed at fea iu bomb-ketches, for the purpole of 
bombarding maritime places from great diſtances, 

105. Ten inch mortars are very uletul in attack and de- 
fence, for diſmounting the enemies cannon and demoliſhing 
their works and buildings; they are not expenſive and eaſily 
worked: the belt form for their chamber is cylindric; it being 
of great importance that the firing from them ſhould be very 
exact, they ſhould be well reinforced to enable them to reſiſt 
the ſhock of the ſhell and increaſe the ſolidity. Mortars 
have been likewiſe conſtructed of 54 and 4+ inches in calibre; 
they range but a ſhort diſtance and require the greateſt accu- 
racy and preciſion, It may be inferred from theſe remarks 
that mortars cannot be made lighter without conſiderably 
diminiſhing their effects. 
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106. Turrxzt muſt be a combination of ſeveral cir- 
cumſtances to inſure ſucceſs in caſting artillery : unleſs the 
metal be of good quality and properly proportioned, the 
guns may be defective, perhaps uſeleis; and though much 
depends on ſcience and experience, yet chance has fre- 
quently no ſmall ſhare in the event. The principal motive 
for examining and ſubjecting guns and mortars to various 
proofs before they are declared fit for ſervice, is the uncer- 
tainty under which the mott able founders have at all times 
laboured on this head ; and among the ſeveral experiments 
made to aſcertain their goodneſs, there are ſome which would 
be highly abſurd, were they not intended for the detection 
of artitice or ignorance. 

107. To ſucceed in caſting guns and mortars there muſt be: 

1. A perfect connection between the metallic par- 
ticles; which depends on the degree of heat and fuſion 
when the metal is run from the furnace into the moulds. 

2. An exact mixture of the ſeveral metals. 

3. A moſt accurate preparation of the moulds. 

4. No vacuity in any part of the bore of the gun, 


that may render it dangerous to the men that ſerve -1 
108. In 
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108. In diſpoſing the metals in the” furnace, the firſt 
ſtep is to weigh them ſeparately, in the proportions previ- 
oully determined and place them near the furnace, When it 
has been hezted for four or five hours, it is cleaned and fome 
cakes of copper put in at the mouth; which being fluxed 
ſpread over the ſurface of the hearth; the reſt of the copper is 
then gradually introduced till the whole be fuſed ; and to 
facilitate it ſome tin is thrown in (24). When the metal is 
thoroughly melted, the ſcoriz are ſcummed off with a ladle: 
if braſs form any part of the compoſition, the proper portion 
is put into the furnace and ſtirred with the ladle, the better 
to mix it with the copper, When theſe ſubſtances have 
attained a proper degree of fuſion, the tin is thrown in and 
the fire increaſed for half an hour and more, till the whole 
has acquired the degree of heat and liquidity judged neceffary; 
the ſcoriæ then ſwim on the ſurface, and are in part diſſipated 
with a luminous appearance; the remainder is ſcummed off. 
The mixture is then well ſtirred and the furnace opened to 
let it run irjto the moulds, 

If no braſs be uſed, the proper quantity of tin is put into 
the furnacg after the ſcoriæ have been drawn away; and 
when the mixture is ſufficiently liquid, it is ſtirred and the 
furnace ed. | 

109. In recaſting old guns, mortars, &c. the tenacity 
and hardneſs of each piece before it is put into the furnace 
ſhould be zſcertained, in order to find what quantity of cop- 
per or tin ſhould be added to make it of a particular quality: 
ſome of the new compoſition ſhould be fuſed and proved to 
know whether it is of a proper tenacity and hardneſs. If it 
be mae the old metal is unfit for the purpoſe, it ſhould 
be abſolutely rejected; or only uſed in cafting ſtone mortars. 
Being thus aſſured of the goodneſs of the new compoſition, 
let the furnace be heated; as the metal muſt neceffarily 
remain for a longer time in fuſion, ſuch a calcination may 
take place as to deſtroy the proportion between the tin and 
copper (24); on which account a quantity of tin ſhould be 
added to make up for what may have been loft: this has always 
been deeryed neceſſary, and the proportion is fixed at 1 or 2 
in the 100 according to the time that the bronze firſt put 
into the furnace remains in fuſion. But experience and 
careful obſervation of the fulion of metals will beſt enable the 
founder to decide what quantity of tin ſhould be added: A 
bright flayde denotes that _ tin is in abundance; a red 
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flame that it is A wall quantity, and a green flame that it 
is almoſt diſſipated. * Before the furnace is opened the com- 
poſition ſhould be ſtirred ; and if there be the leaſt reaſon 
to be dubious of its quality, a little ſhould be taken out with 
an iron ladle, and when cold be carefully proved. If the 
recaſt metal contained any braſs, the zinc will be totally diſ- 
ſipated (23) ; therefore when braſs ſhould form any part of 
the new compoſition, a proportion muſt be added before the 
_ is opened, not exceeding (28) half the quantity 

tin. | 
110. The furnace is heated before the copper is put in 
(108) to give it the neceſſary degree of heat which it would 
not otherwiſe attain; for if it were put in before, the part 
of the hearth covered by the copper and the copper itſelf 
would never be properly hot; therefore not to leſſen the 
degree of heat in the furnace or in the metal already fuſed, 
ſmall quantitics are put in at a time, that the liquid matter may 
ſpread equally over the whole ſutface. The braſs and tin are 
put in when the copper is thoroughly fuſed, and juſt before 
the furnace is opened, to avoid as much as poſſible the ſub- 
limation of the zinc, and the calcination of the tin (22, 23, 
24) ; they ate then well ſtirred, fince the motion produced 
by the thre is not ſufficient to mix them thoroughly. 
When old ordnance containing very little tin is to be 
recaſt, the founders generally put two or three large guns 
into the furnace, in ſuch a polition that they may cover as 
little as poſſible of the baſe, and a moderate fire js kept up 
for five hours that the furnace may be well heated hefore the 
metal begins to fuſe. If on the contrary, the metal to be 
recaſt contain much tin, as bell-metal ; the founders know- 
ing that the tin accelerates the fuſion (24) put a great quan- 
tity into the furnace before the fire is lighted, taking care ſo 
to arrange the pieces that the flame may penetrate between 
them betore they melt; and the heat is kept mggerate till 
the fuſion begins; this in the language of the ſqunders is 
called putting them into a bath, | 

111. The calcination of copper and tin may be partly 
repaired by the introduction of phlogiſtic ſubſtances, but it is 
not judged expedient to have recourſe to this method in 
large furnaces: the founders contenting themſelves With drop- 


ping, while the melted matter is running into thi moulds, 
ſome unctuous ſubſtances, as fat, ſuet, &. to pgevent the 
calcination. ; 
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112. The furnace ſhould not be opened (108) till the 
metal has acquired a proper degree of heat: for if it be too 
hot when run into the moulds or not hot enough to take the 
form, the guns will in either caſe be defective. Tin being 
a ſolvent to copper, it would ſeem that theſe two metals 
ſhould form a perfect mixture when in fuſion without after- 
wards ſeparating; as is the caſe in the ſmall proceſſes of the 
chemiſts and metallurgifts : but experience ſhews that the 
effects are different in the more extenſive operations of the 
foundry : ſince in guns the metal is commonly harder at 
the breech than at the chafe or muzzie, for theſe parts being 
nearer to the top of the mould contain leſs tin than the breech 
does, If from metal of the ſame quality and liquidity ſmall 
and large guns be caſt; in the former there will be v 
little difference between the tenacity and hardneſs at the 
breech and the other parts; but in the latter it will be very 
ſenſible from the longer ſpace of time that the melred metal 
takes to congeal in a large mould than in a ſmall one. 
Whenever the founders negle& to make a perfect and equal 
connection between the different metals, there, are always 
rticles of tin found unmixed with the copper, particular'y 
in large guns; foe are ſeen almoſt pure on the outſide of 
the guns in a long ſerpentine ridge, others forming ſmall 
lumps in the copper: the ſame circumſtance occurs in vents 
that have 1un, ſome being irregularly enlarged ; while in 
others caſt at the fame time, there is no apparent defect. 


"Theſe irregularities proceed in ſome guns from cavities con- 


tiguous to the vents; while in other guns no ſuch cavi- 
ties are viſible. 3 
Among the different guns that were examined, there was 
a 4 pr. that had been practiſed with, at ALEXANDRIA ; 
in 60 rounds fired from this piece, the vent was enlarged to 
three times the original fize, and a cavity formed ſpreading 
from the vent in a ſerpentine direction towards the muzzle 
of about 2 inches in length, + in its greateſt and + in the 
leaſt breadth: the vent being enlarged by the chiſſel to intro. 
duce a bouch, a ſtratum of tin was obſerved beginning at 
the exterior ſurface of the piece, and deſcending vertically to 
the top of the cylinder; the chiſſel penetrated the tin more 
eaſily than the copper that ſurrounded it. This ſeparation 
1s attributed to the property which the copper has of ſetting 
before the tin; whence the latter remaining fluid for a longer 
ſpace of time inſinuates * by its weight between the in- 
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interſtices of the copper, already in part congealed, deſcends 
towards the bottom, and lodges in any cavity it finds. 
113. This circumſtance did not eſcape the obſervation 
of our anceitors, and various expedienis were deviſed in 
the laſt century tor remedying it ; ſome thiew a quantity of 
tin into the trough that conducted the melted matter from 
the furnace to the mould, when they judged that the mould 
was about ; full; others thought to prevent it by the uſe 
of braſs. Some are faid in order ſuddenly to congeal the 
metal, to have drawn out the iron cores from the mou.ds 
while hot, and to have thrown water into the vacant ſpace ; 
others again were anxious to form very long and weighty 
heads, that the copper being ſtrongly compreſſed while ſet- 
ting, the tin might not be able to deſcend. Experience 
has proved that this laſt expedient is the beſt; fince in 
pieces of large calibre, the difference between the hardneſs 
of metal at the breech and muzzle is not very conſiderable, 
and 1 ſenſible in pieces of ſmall calibre. 
114. Gun- metal 1s fuſible, not only by a great heat, but 
even by a moderate one, with the aſſiſtance of ſolvents. 
It has been already obſerved that tin is a ſolvent of copper, 
of which it accelerates the fuſion ; but as the quantity of 
tin cannot be increaſed without altering the quality of the 
bronze, this expedient can only be uſed ſo far as the pro- 
portion of the ingredients will permit, . Tartar and nitre 
are the moſt powerful ſolvents; when mixed together in 
equal quantities, the chemiſts term the compound. a whit? 
ux ; when the quantity of tartar is double that of the 
nitre, a black flux. As theſe two fluxes, eſpecially the 
former, are very active, much care and eireumſpection muſt 
be obſerved in uſing them, to avoid the damage that the 
furnace would be expoſed 1o, from the violent agitation they 
decaſion. When gun-metal is made extremely hot, it is 
often very ſpungy and porous, particularly towards the muz- 
zle, fo that when filled with water, it exudes and oozes 
through. Tartar is uſed when from the great rarefaction 
of the air ariſing from extraordinary heat, the fire is ren- 
dered inactive, and the metal is infuſible per ſe. But if 
fire alone will anſwer, the founders ſtir and mix the ſubſtances 
well together before they open the furnace, the melted matter 
then runs into the moulds ; and this method has been found 
ſufficient to render it homogeneous ; for, if ſmall quan- 
tities be taken out of the furnace with an iron ladle, _ 
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the metal is running into the moulds, at the beginning, 
the middle, and end of the proceſs, the ſeveral pieces, when 
cold, will be homogeneous. | | 

115. If an exceſſive heat, whether produced by fire or 
a combination of ſolvents, be attended with bad effects ,a 
deficiency in that reſpet is not leſs pernicious : for inde+. 
pendent of the imperfect mixture, the metal does not fet 
properly in the moulds; whence proceed the cavities ahd 
flaws frequently obſervable on the outſides of guns after 
proof: theſe can neither be attributed to the intrinſic quality 
of the bronze, nor the want of proportionable thickneſs, 
but to the defect of heat and mixture; ſipce the external 
flaws do not extend and communicate with the bore: from 
the ſame cauſe proceed the aſperities viſible on the ornaments 
and bas- reliefs. 

The deficiency, in point of heat, does not always ariſe 
from too ſmall.a quantity of wood being uſed to heat the 
furnace, ſince with the ſame quantity it takes ſometimes 
36 or even 48 hours, to effect what at other times 16 or 18 
are ſufficient to do, This can only be accounted for from 
a want of elaſticity in the atmoſphere, which prevents the 
wood from burning with proper aRtivity ; or from the neg- 
le& of the workmen in removing the cinders, which partly 
ſtops the reverberation of the flame ; thus the fire not being 
ſo intenſe, it is longer before the metal acquires the proper 
degree of fuſion. 

116. There are ſome accidents which baffle the utmoſt 
caution, as they proceed from variations in the ſtate of the 
atmoſphere, If the melted matter while running into the 
mould be expoſed to a cold wind, it may be ſuddenly con- 
gealed, which will prevent a due tenacity in the particles when 
ſolid. After the mould has been heated, if the atmoſphere 
become ſuddenly loaded with vapour, the mould will im- 
bibe humidity ; and the melted metal will extract the moiſ- 
ture, which ruſhing out and bubbling vehemently, will diſ- 
turb its ſetting. On the contrary, when the mould is per- 
fectly dry, repeated experience proves that the metal on 
running into a hot recipient, ſets better, and becomes more 
tenacious and denſe, but leſs hard than when the recipient 
is cold, 

117, Since cavities proceed from the ſpungineſs of the 
copper, or from the coldneſs and moiſture of the atmoſphere 
or mould; they are found in all parts of the gun indiſeri- 

K 4 minately, 
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minately, and can neither be avoided or diſcovered before 
the proof, particularly if the quantity of tin be ſnfall : but 
if it be large, as in bell- metal, theſe cavities are ſeldom ſeen, 
unleſs the metal be run into the moulds before it is ſuffi- 
ciently liquid, If the proportion of tin in gun-metal be 16 
in the 100, the heads very long and thick, and the furnace 
not opened till the metal is properly fuſed and mixed, there 
will ſeldom be any cavities large enough to affect the ſervice 
of the piece. 

As no rule has yet been laid down for aſcertaining the 
abſolute degree of heat, founders muſt depend on their own 
obſervation ; and though they may ſometimes be deceived 
(107) yet a competent thare of knowledge derived from ex- 
perience will enable them to judge with tolerable accuracy 
when the furnaces are properly heated. 

118. From the preceding obſervations on gun-metal and 
the method of caſting ar:illery, we may conclude: 

1. That the metal muſt have certain phyſical quali- 
ties to enable the guns to reſiſt the forces that tend to 
deſtroy them. 

2. That great art is requiſite in reducing the metals 
to a proper degree of liquetaction. 

It reſts with the officers of artillery appointed to fix the 
proper proportion for the different natures of guns that are 
to be caſt, to aſcertain the phyſical properties of the gun- 
metal ; it depends on the founders to flux the metals, and 
form the moulds in ſo nice and accurate a manner, that the 
principles Jaid down by the artillery officers may be punc- 
tually adhered to. From a want of attention to theſe diſ- 
tinctions, it has frequently happened that every thing being 
left to the mechanics, they, either through ignorance of the 
abſolute neceſſity of having particular properties in the metal 
or of the means of procuring them, formed the mixture 
without the leaſt judgment; whence ariſes the great difference 
ſometimes found in guns caſt by the ſame founders after the 
ſame model. | 
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CHAP, VIII. 


Or rug VenTs or Guns. 


119. Tu E poſition of the vent contributes alſo to mo- 
dify the inflammation and exploſion of the charge. (Pl. 3, 
Fig 8) If in the gun AB M the vent QP correſpond to half 
AN of the charge, it will be the moſt advantageous poſi- 
tion for obtaining the greateſt force from the given quantity 
of powder; but then the motion of the breech, though of 
the proper weight (84) will be ſo violent, as to render the 
firing totally irregular, and of courſe the fire-arm uſeleſs. 
The vent ſhould be placed at A C correſponding to the bot- 
tom of the bore, which will obviate the ill conſequnces 
attending the former poſition ; and if the bottom of the bore 
inſtead of being hemi-ſpherical be plane, the charge will be 
brought nearer to the vent, more powder will take fire, and 
the exploſion be more violent, without cauſing ſuch an irre- 
gular motion in the breech, 

120. Chambers in guns are liable to great inconveniences 
from the alteration of their figure, as happened at the expe- 
riments with the Sarcophagus (36). T his gun had at the 
bottom of the bore a ſmall cylindric chamber ABCD 
(PI. 3, Fig. ) of which the diameter A C was 14 inch and 
the length A B 2 inches, the communication F to the vent 
FG was diſtant from A 14: the part FN of the vent 
made in the gun itſelf was in length 43/7, the remainder 
GN was filled with an iron ſcrew HL MK 2 in length, 
which had been well worked and tempered. After 500 
rounds the metal was much corroded at F, and round the 
orifice A C of the chamber; and the upper part PABF 
was conſiderably damaged towards N. This increaſed very 
much in the next 300 rounds ; the clefts extending towards 
N were 1+ inch in length; the pricked line QQ Q ſhews 
the alteration that took place in the figure of the chamber, 
The part N G of the vent formed by the iron ſcrew was regu- 
larly enlarged to nearly twice the original diameter : but by the 
aſſiſtance of this bouch the piece might yet have been frequently 
fired, without apprehending any great increaſe in the ſize of the 

| | vent; 
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vent; its poſition was not at all altered. This ſingle experi- 
ment ſhews the neceſſity of ſuppreſſing the uſe of ſmall cham- 
bers in guns. 

121. Several obſeryations and experiments might be ad- 

duced to prove that when the bottom of the vent correſponds 
with the upper. part of the bore, it is a long time before it 
changes its form; and that if the metal be corroded, it is 
only round the lower orifice. 
- 122. It has been obſerved (4) that the vents of guns run 
ſooner as the proportion of tin is the greater; and in the ſecond 
chapter the neceſlity of having a hard metal to prevent cavi- 
ties being formed in the bore was inſiſted on; but this con- 
dition can only be obtained by increaſing the quantity of tin, 
and thereby rendering the vent liable to run after a very little 
firing ; and it is weil known that when the vent is much 
enlarged, there muſt be great irregularity and a conſiderable 
diminution of force in the diſcharge: it is neceſſary therefore 
to form the vent of ſome more reſiſting metal, which when 
enlarged may be eaſily taken out and replaced; the beſt expe- 
dient hitherto deviſed, is to inſert into every gun previous to 
its being carried on ſervice, a ſcrew bouch which may be 
replaced at pleaſure. 

123. From ſatisfactory experiments made on the reſiſtance 
of fimple and compound metals with a view to determine 
which is the beſt for bouching guns, it is in general found 
that their reſiſtance is in proportion to the difficulty of fuſing 
them in the crucible, The following metals were proved 
with the machine deſcribed in the Treatiſe on Fowder 
(129) and found to decreafe in reſiſtance from the firſt to 


the laſt. 
| 1. Forged iron well worked and welded with the 
hammer. | 
2. Iron of the ſecond ſmelting. 
3- Pure copper. 
4. German braſs, 
5. Gun- metal containing + of tin, 
6. Aſſayed gold. 
7. Aſſayed filver. 
8. . 
9. Tin, 
Of theſe metals the three firſt are leaſt corroded by the 
action of powder; but forged iron is the only one that can 


be depended on for making ſcrew bouches (122). _ 
met 
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metal containing tin in the ratio of 16 to 17 in the 100 cor- 
rodes more eaſily than aſſay ed gold; but at 4 to 5, in the 100 
it reſiſts more than German braſs; for which reaſon, as was 
before remarked, ſoft gun-metal was for a long time in 
great credit. But theſe reſiſtances are merely relative and 
can only apply to determined circumſtances ; for if the quality 
or quantity ot the powder be altered, the wads rammed with 
more force, or the piece much heated by frequent firing, the 
metal will be the ſooner corroded and the vent enlarged, 

124. The fuſt method adopted for repairing the vents of 
guns that had run, was the application of a bouch : afterward 
in hopes cf totally pr-venting or at leaſt deferring this accident, 
they put into-the mould a piece of copper or iron at the place 
where the vent would be: this expedient was ſoon aban- 
doned, on finding that the liquid metal bn coming in con- 
tat with a cold body, bubbled and formed cavities con- 
tiguous to the vent: and one of the four following methods 
was univerſally adopted, 

The firſt conſiſted in enlarging the vent A B CD (PI. 3. 
Fig. 10) when damaged towards the middle F G and filling 
up the cavity with gun-metal; the metal when cold was 

rforated to form a new vent. 

The ſecond method differed from the firſt, only in filling 
the cavity with pure copper. | 

In the third method, the vent ABCD (PI. 4, Fig. 11) 
was enlarged as before, and an iron bouch P apphed with 
the projection Q; melted metal was then poured into 
L M which when cold held the bouch P very firmly; after- 
ward a new vent H K was drilied, 

(Pl. 4, Fig 12) The fourth method was to enlarge the vent 

conſiderably in form of a troncated cone A MK E, the 
ſides of which QRDBLE ſerved as a female ſcrew to receive 
an iron bouch; in the axis of 'which was drilled a new vent 
FG. I heſe different methuds of repairing the vents of guns 
may be applied according to the damage that the niece has ſuſ- 
tained. but are not equally good. In the firſt method the 
vent may run a ſecond time, if there be too much tin in the 
metal By the ſecond, the vent is leſs liable to corrode z 
but the copper from its great ductility may ſpread and 
lengthen, and being detached from rhe ſides of the cavity, 
the whole bouch may” be blown into the air. The thurd 
method is preferable to the two former, fince the bouch 
gives more reliſtance, and is leſs liable to the above W 
n 
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In the fourth, it requires more labour to prepare the cavity; 
but a freſh ſcrew may be inſerted when the firſt is corroded, 
The old method of uſing ſcrew bouches was very imperfect; 
fince they were obliged to vary the diameter in each gun in 
proportion to the degree of corroſion. | 
125. In order to derive _ poſſible advantage from 
ſcrew bouches, and render their uſe more ſimple, expeditious, 
and general, the following precautions ſhould be obſerved. 
1. To apply during the time of peace to all guns, 
rticularly to battering cannon, a ſcrew bouch of iron 
in one of the two methods expreſſed in figure 12 and 
13; they ſhould be formed on the ſame model for all 
pieces of the fame calibre, that there may be always a 

quantity in ſtore. 
2. The head of each bouch ſhould be fo formed that 
it may be eaſily ſcrewed and unſcrewed ; and of ſuch a 
length, that the boirom may exactly correſpond with 

the upper part of the cylinder, 

3. Not to diminiſh the metal at the breech too much, 


the diameter of the bouch ſhould be leſs than 22, and 
to prevent the neceſſity of frequently replacing it, its 
diameter ſhould not be leſs than dQ 


4 

4. The vent ſhould (119) correſpond with the bot- 
tom of the bore, which ſhould be a plane figure. If theſe 
operations be executed with exactneſs and preciſion by 
fkilful workmen, the reſiſtance will be fully ſufficient 
and there will be no danger of the flames paſſing among 

the ſpirals to damage and corrode them. 
126. The reſiſtance of the ſcrew bouch may be eaſily aſ- 
eertained : (PI. 4, Fig. 12) ſince before it can yield to the 


action of the powder, it muſt be driven forcibly out of the 


female ſcrew and be ſeparated from its ſpirals z or it muſt 
break off and _ away With it the ſpirals of the other 
ſcrew, which would leave a vacuum NB D Q or it muſt 
break the ſpirals of both. Now as the tenacity of iron far 
excceds that of gun-metal, the ſpirals of the female ſcrew muſt 
firſt yield to thoſe of the bouch ; and if the circumference of 
a ſpiral anſwering to the diameter BD be called =C and its 
length D Q=m, cn will be the ſection of the 3 

on 
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fection multiplied into q the of the metal will give 
cmgq for the reſiſtance of the female The formula 9962 
x 5, expreſſes the preſſure of the elaſtic fluid againſt a ſuperficies 
S8. Then if half the diameter B Der, and its circumference 


— 


=C, $==— will be the ſuperficies of the circle, againſt 
which the elaſtic fluid acts in the direRion FG; then 9962 
nx = will expreſs the force with which the powder acts 


againſt the baſe of the bouch. For example, if under cir- 
cumſtances the leaſt favourable to the zehiſtance of the bouch, 


r= n=1200 (33) and the metal of a leſs tenacious qua- 


lity be heated as much as it can be on ſervice, 1927358758 
(35) the reſiſtance of the bouch. Now ſuppoſing m=1 
then 4981nr= 4981 x 1, 200 * += 1444300 for the action 
of the powder againſt the baſe of the bouch : thus the reſiſt- 
ance of the female ſcrew will be more than five times the 
force that tends to drive the bouch from its place; an equi- 
librium between the propelling and reſiſting powers will be 
then fully eſtabliſhed, if only part of the bouch QR =, of 
D Q be ſpirated. 

127. When the baſe of the bouch correſponds with the 
upper part of the bore, the action of the powder againſt it is 

"as the preſſure : but when the bouch only reaches to LR, 
and leaves the vacuum DL RB, then the elaſtic fluid acts 
againſt it with ſo much the greater force, as L R is diſtant 
from the upper part of the bore; and greatly exceeds the 
preſſure that it would exert againſt the baſe, were the houch 
in the former ſituation. The reflections in the 24 chapter 
on the orbicular cavities formed in the bores of guns caſt of 
ſoft metal, by the impulſion of the elaſtic fluid, will convey a 
juſt idea of this force. 

128. To ſhorten the operation of making the ſcrews, 
and at the ſame time to obtain a reſiſtance ſuperior to the 
force of the powder, the bouch may be made in the follow- 
ing or any ſimilar manner. (Pl. 4, Fig. 13) Let it be ſpi- 
rated only from P to L; let PL be about 4 of F G and the 
remainder L F be in a form of a troncated cone HK N H, 

the diameter H H being leſs than B D, to form a ledge 

H H D, upon which may be placed a thin circular _ of 
uctile 
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ductile metal, as pure copper; fo that when PL is ſtrongly 


ſerewed down, the plate may ſpread and fill up the ſpace 


between PL and HF ſo exactly, that none of the elaſtic 
fluid may be able to penetrate among the ſpirals. The for- 
mula (126) will ſerve to compare the reſiſtance with the 
force of the powder, that acts againft the baſe K N of the 
bouch : 4981 nrc expreſſes the force of the powder, cmg 


the reſiſtance of the bouch z put => in the place of f and 


the circumference correſponding to the diameter K N in the 
place of c. If the circumference = c correſpond to the dia- 
meter B D of the ſpirals, then in the ſecond formula put the 
length LP in the room of m; and ſince circumferences are 
proportional to their diameters, theſe may be ſubſtituted and 


the formulas will be 2460 nx KN, BD x LP x Q. 

129. The reſiſtance of bouches made on this principle 
have been found more than ſufficient in practice. The 
experiments made in 1771 prove the goodneſs of the bouches; 
(Fig. 9 and 13) their reſiſtance is amply ſufficient, and 
when damaged they may be eafily taken out and replaced 
(127). The bouch (120) was neither moved or corroded 
in the $00. rounds fired from the Sarcophagrs; and the ſame 
was the reſult of the experiment (34) with a bouch (Fig. 13). 
When the bouches were taken out, neither the male nor 
female ſcrews were in the leaſt altered, nor had the elaſtic 


fluid or the water which remained in the gun for 5 hours 


paſſed the ledge B D. In the gun called the Paphas, which 
in 1771 was fired in the ſame manner as the [rvincib/e ( 34) 
with a bouch (Fig. 13), the ſame effects were obſerved. 
The operation of taking out and rep'acing the bouches takes 
up but a few minutes; it may be performed upon the batte · 
ries without diſmounting the guns. 
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130. Ir was obſerved in the 2 chapter, that ſucoeſs 
in caſting guns does not entirely depend on the ſkill and 
ability of the founders, ſince it is greatly ſubject to caſualties. 
The King's ſervice requiring that, beſide the precautions 
taken at the time of caſting, the greateſt attention be after- 
wards paid to detect any negligence or error; every gun 
before it is uſed ſhould be ſcrupulouſly examined and ſub- 
jected to various proofs, in order to be certain that the founder 
has adhered to the inſtructions he received. The ohject of 
theſe examinations and proofs is to aſcertain : 

1. Whether the guns are conſtructed on the propor- 
tions given to the founder. 

2. Whether before the metal was run into the 
moulds, the neceſſary precautions had been taken to 
avoid all ſeparations between the metallic particles ca- 
pable of producing an unequal reſiſtance. 

3 Whether the tenacity of the metal is proportional 
to the thickneſſes of the piece; and its hardneſs ſufficient 
to prevent orbicular cavities from being formed on firing 
very large charges, 

131. To know whether a gun be properly conſtructed, 
two inſtruments are uſed: the firſt ſerves to ſhew whether 
the piece has been truly bored, and the thickneſſes of metal 
properly diſtributed ; by means of the ſecond, the exact 
figure of the bore is traced upon the firſt, whereby the leaſt 
flaw or deviation from the cylindrical figure is diſcovered 
and aſcertained. A mirror is afterwards uſed to diſcover by 
the reflection of the ſolar rays, what cavities, inequalities or 
other defects there may be; and with the little iron inſtru- 
ment called the ſearcher, their depths and diameters are mea- 
ſured. 

132. To know whether there be in any part ſuch a ſepa- 
ration of the metallic particles, as to penetrate from the 
exterior ſurface to the interior cylinder, the gun is filled with 
water and placed with the breech downwards to _— its 

| orce 


160 THE EXAMINATION 


force and make it more eaſily paſs between any interſtices of 
the metal ; it is further preſſed with a high ſpunge; and in 
this ſituation the gun is left for three or four hours. This 
proof ſhould never be made when the water can freeze. 

133. If during theſe examinations (131, 132) any defects 
ſufficient to make the ſhot ſtrike againſt the ſides of the gun, 
or any holes in the charging cylinder or bore be diſcovered; 
if the axis be not exactly in the center, the trunnions pro- 
perly placed or any opening or cavities through which water 
©0zes; in a word, if the piece have any defects that can ren- 
der it unſerviceable or dangerous, or that can tend to pre- 
vent the ſhot from being thrown.in a true direction, and no 
fafe remedy can be applied; the gun ſhould be without heſi- 
tation rejected. 

134. When no ſuch defects are diſcovered, the other 
proots for aſcertaining with the greater certainty the nature 
of the caſting and the qualities of the metal may be proceeded 
to. To this end, a few rounds ſhould be fired in ſuch a 
manner, that any defects may be diſcovered as fully as they 
would be, after a long continued firing with the ordinary 
charges of powder. 

135. Todetermine the proper quantity of powder for prov- 
ing guns, it is neceſſary to advert to the circumſtances that mo- 
dify its force, from the beginning of the inflammation at the 
« bottom of the bore, till the ignited fluid reaches the mouth 
of the piece; theſe modifications have been enlarged on in 
the Treatiſe on Powder, aud may ſummarily be reduced to 
the following : 

1. The preſſure of the elaſtic fluid in the charging 
cylinder dos not depend on the quantity of powder, 
provided that it be equally well collected ; but on the 
reſiſtance oppoſed to its exploſion towards the mouth of 
the piece: and the other ordinates of the ſcale of preſ- 
ſures increaſe in proportion to the greater quantity of 
powder that is fired in the piece. 

2. On comparing two equal charges of powder of 
different qualities to which an equal reſiſtance of ſhot 
and wads is oppoſed, the preſſures, excepting the firſt 
by which the ſhot is put in motion, are greater in pro- 
portion as the powder is ſtronger : the difference be- 
tween the correſponding ordinates proceeds from the 
greater quantity of fluid produced in equal times, in 
two powders of different qualities ; whence it * 
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that the elaſticity of the fluid in the charging cylinder' is 
greater in the ſtrongeſt powder, though the preſſure by 
which the ſhot is firſt put in motion be equal in both 
charges. g 

3. The reſiſſance to the exploſion of the powder 
toward the mouth of the piece, is compounded of the 
weight and friction of the ſhot and wads : the reſiſtance 
from friction ceaſes as ſoon as the ſhot and wads are in 
motion ; but the reſiſtance from the weight of the ſhot 
exiſts during the whole length of the piece, and is 
greater as the elevation at which the gun is laid is 
higher ; this reſiſtance may be calculated in the ratio of 
the right fines of the angles of elevation. 

4. The fluid generated at the bottom of the bore on 
ſtriking the ſhot is refleRed laterally againſt the ſides of 
the gun with ſo much the more force, as the charge 
occupies a greater ſpace, or as all the powder is more 
inſtantaneouſly inflamed : whence proceed orbicular cavi- 
ties, whenever the hardneſs of metal is not ſuſficient to 
reſiſt the impulſion. | 

136. From the preceding remarks we may infer that ; 

1. The proof charge ſhould never occupy leſs ſpace 
in the bore than the largeſt ſervice charge. 

2. The gun ſhould be laid at a higher elevation than 
when mounted on its carriage. | 

3. The powder ſhould be ſtronger than what is gene- 
rally uſed, its quantity combined with the greateſt re- 
fiſtance of the thot and wads, and proportioned to the 
largeſt ſervice charge, in the ratio of the metal when 
cold, to the metal heated fo as to fire powder (35). 

4+ If a ſhot made of a ſoft metal as lead, tin, &c. 
by any irregular movement proceeding from the ſtrength 
of the charge ſtrike againſt the ſides of the gun, it ſhould 
be unable to make the leaſt impreſſion. 

I 37- The defects of a gun loaded in this manner will be 
as fully diſcovered in a few rounds as with a great number 
fired in the common mode ; nor will there be the leaſt rea- 
ſon to be apprehenſive of burſting the gun, if it has been 
caſt in the manner, and with the proportions already pre- 
ſcribed. When the guns have been thus fired, they thould 
be again ſubjected to the water proof and re-examined : and 
if any flaw that may prove detrimental to the ſervice can be 
diſcovered (133) they ought to be rejected, 

L 138. There 
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138. There _ be ſome defects ſo light as not to merit 
attention; while there are others that muſt be prejudicial, 
according to their nature and extent; as the eccentricity of the 
bore, the number, depth and fituation of the flaws or cavi- 
ties, the wrong poſition of the vent, or a failure in other 
points previouſly concerted with the contractor. As, on the 
one hand, nothing ſhould induce officers to receive guns 
that cannot be depended on ; fo, on the other, they ſhould 
not be over ſcrupulous in their examination, leſt the foun- 
ders under pretence of the minute ſtrictneſs of the ſcrutiny 
enhance their price. 

139- Iron guns ſhould be ſubjected to the ſame proof and 
examination: but as the hardneſs of the metal is aſcertained, 
there will be no reaſon to apprehend any orbicular cavities 
being formed in the charging cylinder, or any impreſſions 
made by the ſhot in the bore. If properly caft of metal of a 
ure quality, they may be proved with iron ſhot without 
ear of damaging or hurting them ; the quantity of powder 
ſhould be determined by the thickneſs of metal, agreeably to 
the rules laid down in the 6** chapter. 

140. The ſame precautions and care ſhould be taken in 
proving and examining mortars : but any little hollows or 
flaws in the chaſe may be diſregarded, unleſs from their num- 
ber and proximity, there be reaſon to apprehend an eſſential 
defect in the interior of the metal. | 
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141. Tu E RE are two general methods of annoying 
an enemy: with miſſile weapons; or with pointed and cut- 
ting inſtruments. Under the firſt head, the ancients made 
uſe of the bali/ta and catapulta, for throwing large ſtones and 
arrows to great diſtances ; and of //;ngs and bows for throw- 
ing them to ſhorter diſtances, f Th 
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The invention of the powder gave riſe to the caſting of 
guns and mortars; which project iron ſhot and ſhells of 
different ſizes to very great diſtances, for the deſtruction of 
men, and the demolition of tortificatio:'s and buildings. 
The non-commiſlioned officers and ſoldiers of artillery per- 
form the operations requiſite for producing theſe effects. 
The theoretical part of the profeſſion conſiſts in certain 
principles and rules, with which the officers ought to be 
fully acquainted : as from mere practical knowledge they can 
never hope to be diſtinguiſhed ; nor can their country reap 
from their exertions the advantages expected from a corps, 
purpoſely ſet apart in all armies for this particular ſervice. 
Our anceſtors feeling the neceſſity of regulating their 
practice by fixed principles, were ſoon convinced, that, ta 
expertneſs and adroitneſs in the mechanical parts, it beho- 
ved them to join a juſt theory ; that from a knowledge of 


cauſes they might be enabled ta account for effects, and 
conduct their experiments without the confuſion and abſur- 


dity inevitably attendant on an erroneous ſyſtem. 

If it hath not already been ſufficiently proved, that an 
artilleriſt ſhould be converſant in phyſics and mechanics; the 
ſecond part of this work will clearly demonſtrate, that unaſ- 
| fiſted by ſcience, he never can enſure facility and cxconomy 
in execution, which is the moſt certain and ready method 
of obtaining victory, the ſole object of military operations. 

142. To this end, each ſhot ſhould firike the object in the 
manner that will produce the beſt effect that circumſtances 
admit F; or in other words, the prejectile ſhould produce 
the greateſt effeft poſſible in any particular caſe. The offi- 
cer then, who commands a battery, ſhould examine the 
calibre, ſhape and dimenſions of the artillery ; the qualities 
and proportions of the powder ; the cauſes that may modify 
in any conſiderable o_— the initial velocity of the pro- 
jectile; the reſiſtance of the air to its movement; it's nature 
and form: the quality and ſize of the objects againſt which 
the fire is to be directed ; their relative and abſolute fituation : 
the poſition of the enemy's troops; and the nature of the 
2 Each of theſe circumſtances merit a particular diſ- 
cuſſion, 
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I. 


Or Tas INITIAL VIEILOcIrY or PRoOJECTILES. 


143. Tu E initial velocity of ſhot and ſhells muſt be in- 
diſpenſably known, before the problems in projectiles can be 
ſolved : but as it may be much diverſified by the quantity 
and quality of the powder, the force uſed in ramming the 
wads, the elevation of the guns, and the length of the-bore ; 
it is neceſſary to treat all theſe circumſtances more in detail: 
the pon der will be ſuppcſed to be the fine war- powder in a 
good ſtate of preſervation. 

1. The largeſt ſervice charges for heavy guns, are 
equal to + of the weight of the ſhot in 32 and 16 prs. 
and to in 8 and 4 prs. Theſe charges are only uſed 
on particular occafions ; the wads are well rammed, that 
the powder being cloſely collected at the bottom of the 
bore, may all take fire in the piece; and that the in- 
flammation of each grain being as (inſtantaneous as 
poſſible, the ſhot may have the greateſt initial velocity. 

2. The medium charges are 3 of the weight of the 
ſhot in Ba and 16 prs. and + of its weight in 8 and 4 
prs. Theſe charges are commonly uſed in ſieges, for 

demoliſhing works, diſmounting the enemies artillery, 
or enfilading troops; two gunners give five ſtrokes 
of the rammer to the wad over the powder, and three 
to that over the ſhot. 

3. The ſmaller charges are equal to ;; and the leaſt 
to + of the medium charge. Theſe are only uſed in 

particular caſes, which will be hereafter pointed out ; 
and are always ſuppoſed to be wadded in the ſame man- 
ner.as the medium charges, in order to compare the 
initial velocities of ſhot, impelled by different quantities 
of powder. 

4. As the difference in the diameter and weight of 
ſhot cauſes a great difference in the initial velocity, the 
ſhot are ſuppoſed to be of the diameter and weight, and 
the guns of the calibre preſcribed by the king's order, 
and caſt agreeably to the proportions laid down in the 
tirſt part of this work, Shot made, as directed in — 

| [ 
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fir? book of artillery, have been found adequate to every 
purpoſe; nor can their ſurtace be more poliſhed, or 
their figures more perfect, without incurring an exor- 
bitant and unneceſſary expence. 

144. The initial velocities of ſhot are determined from 
experiments made with ſkill and diſcernment, and cnducted 
with care and circumſpe tion: before we proceed to the me- 
thod of determining them, it will be neceſſary to mention 
the principles ad ered to in carrying on the experiments. 

1. The piece was always loaded in the ſame manner, 
and placed exactly in the ſame poſition, leſt the reſult 
might be erroneous, 

2. Since effects are always proportioned to their 
cauſes, when any remarkable difference ariſes in the courſe. 

of the experiment, it ſhuuld excite no amazement z * 
as it muſt proceed from negligence or accident, Some 
practitioners take the mean reſult of all experiments, 
but concluſions drawn from thence muſt be faulty. 

3. In ſpite of the utmoſt precaution, there will be 
ſometimes a ſlight difference, proceeding from the man- 
ner of placing or wadding the powder, &c. 

If the variations be not very great; a few more rounds 
may be fired; but the mean retult only of thoſe taken 
that approach neareſt to each other : this may then be 
conſidered as the abſolute reſult. If, for example, the 
queſtion be concerning the length. of ranges ; the mean 
only of thoſe ſhould be taken, whoſe differences do not 
exceed 2 in the 100, and no regard paid to the others. 
But, ſhould the ranges vary conſiderably, it will then 
be neceſſary to examine carefully every part of the 
proceſs, to difcover the cauſe of the variations, and be 
enabled to make freſh experiments in a more exact 
manner, 

145- There are three methods of determining the initial 
velocity of ſhot : | 

1. By meaſuring their penetrations into a homoge» 
neous butt of a known conſiſtency. 

2. By analyſing and reſolving into its fimple move- 
ments, the curve deſcribed by the projectile on quitting 
the piece. 

3- By deducing it from the thickneſs of metal of the 1 
fire- arm, when it is in equilibrio with the preſſures of 1 
the elaſtic fluid, in every point of its length. The 

, L 3 third 
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third method is applicable to fuſils and pieces of very 
ſmall calibre ; but not to guns of large calibre, fired 
with the common charges of powder : becauſe in the 
latter, the initial velocities are compounded of the im- 
pulſion and preſſure, as has been explained in the firſt 
part. 

146. The initial velocities are found very nearly by the 
firſt method (145, No. 1.) if the butt be perfectly homo- 
geneous and conſiſtent. To determine its conſiſtence, fire 
a piece of ſmall calibre, with an iron ſhot x inch in diameter 
=D: and meaſure the initial velocity = u = 1200 feet, (Trea- 
tiſe on Powder 164, 165). Then the piece being loaded 
and fired as before, the penetration of this ſhot into the butt 
will be 15 inches=S ; and ſubſtituting theſe data in the 
formula 78 DU; we ſhall have FX * 1200 *; 
then f - 96000 for the conſiſtence of the butt: let it be 
written in the formula, which then becomes 96000 S=D U *. 
Place the gun, the velocity of whoſe ſhot is ſought, very 
near the butt, and fire ome rounds in a horizontal direc- 
tion, in order to obtain the mean S of the penetrations of 
the ſhot ; ſuppoſe it=8 feet, and the diameter D of the 
ſhot A inches; then by ſubſtituting theſe data in the for- 


booo x 8 x 2 
mula, 96000 x 8 =; U; hence v2 O F = 


1517 feet, the initial velocity ſought. - In theſe experiments, 
the penetrations ſhould be at ſuch a diſtance from each other, 
that the looſening of the earth by the firſt ſhot, may not 
facilitate the entrance of the others ; the leaſt difference will 
be then. perceptible, ſince the penetrations of the ſame ſhot 
are as the ſquares of the initial velocities. 

147. To ſetermine the initial velocities, by analyſing the 
curve (145, No. 2); let us take the firſt part of the curve, 
where the effect of gravity has not been ſenſibly altered 
by the reſiſtance of the air. It is a matter of indifference, 
whether the ſpace that the ſhot paſs through by the gravi- 
tating or impelling power, be fir{t conſidered ; ſince the latter 
may b deduced with equal facility from the former, as the 
former from the latter. Let us in the firit place examine 
. the ſpace paſſed through by the power of gravity. 

(Pl. 5, Fig 14.) Let the gun AB, mounted on its car- 
„be p'aced on an even and ſolid platform, and laid in a 


-.1zontal direction A C; ſo that the ſhot at the firſt graze 
may 
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may touch the earth in the point G of the horizontal line 
D | : the vertical diſtance K G between the two planes, 
expreſſes the ſpace=S paſſed through by the gravitating 
power, and the horizontal line DG=AK expreſſes the 
length of the range, or the ſpace=g paſſed through in the 
ſame time -by the impelling power. If the known value 


K G be ſubſtituted in the formula 8 —, it will give 


with great preciſion the time N — in which the 
ſhot is driven from A to K by the impelling power. Hav- 
ing fired ſeveral rounds, and meaſured the length D G of 
the ranges, take the mean = (144, No. 3); and conſider- 


ing this ſpace as uniformly pa ed through, eſtabliſh the 


following proportion; the time St, is to the ſpace paſſed 
through =g , as one ſecond, is to the ſpace= 1 ; which the 


ſhot would move through in one ſecond, if there were no re- 
ſiſtance from the air; this ſpace is termed the initial velo- 


city. For example, K G=4 feet, then t V/ 2 * 


1 = {= = 
ſecond ; and ſuppoſe AK = 700 feet, then, 2 
32. 18 


122 = 1400 feet, the initial velocity ſought. The initial ve- 
T 


locity thus found, is not abſolutely juſt, ſince the ſhot, from 
the moment of quitting the piece till it touch the ground at 
G, has been retarded by the reſiſtance of the air. If from 
the nature of the ground, where the experiment is made, 
the vertical line K G be ſhortened, the initial velocity will 
be greater, and approach nearer the truth, 

148. To determine the length of the movement of im- 
pulſion A M, in order to deduce from it the ſpace paſſed 
through by gravity ; place vertically in M a butt L M N, 
lay the gun in a horizontal direction, or nearly ſo, and at M 
where the line of direction cuts the butt, draw tranſverſely a 

L 4 horizontal 
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horizontal line, Fire ſome ſhot into the butt as nearly as 
poſſible in the ſame direction, fo that after each round the 
vertical diſtance M H between the horizontal line marked 
on the butt. and the hole H made below it by the ſhot, 
may be exactly meaſured ; take the mean M H=S (144, 


2MH 
32-18 


by meaſuring the diſtance DL=AM = , it will give the 
ſpace paſſed through in the ſame time by the movement of 
impulſion; and conſidering this ſpace, as uniformly paſſed 


— 
through, / —7 will be the initial velocity ſought 
(147). For example, let AM=200 feet, M H=6 inches, 


No. 3) and ſubſlitute it in the formula = then 


7 
1 a a 
then t= . = of a ſecond, and V 3... 
32-18 32.18 
2 S200 the velocity ſought. The nearer the piece is 
Ts 


brought to the butt, the ſhorter will be the time, and of 
courle ſo much nearer to reality will be the initial velocity. 

149. Theſe methods of determining the initial velocity 
may be applied to guns of all lengths and calibres. The 
velocities may be compared together when the experiments 
have been made under a conſtant ſtate of the atmoſphere ; 
but as its frequent changes affect the exploſion of the pow- 
der, the following rules ſhould be obſerved : 

1. To make the experiments under a mean ſtate of 
the atmoſphere both with reſpe& to heat and moiſture ; 
as the inflammation and exploſion of the powder ate 
then much more uniform. 

2. In order to know if the variation of the atmo- 
ſphere be the cauſe of any alteration that may occur, 
ſome rounds ſhould be fired from time to time from a 
gun of ſmaller calibre of a known initial velocity, as a 
wall-piece, placed very cloſe to a butt perfectly homo- 
genous, to aſcertain whether the penetrarions be regular. 
3. If the reſults be conſtant, it will be a proof that 
the proceſs has been juſt in every particular, and _ 

, 4 R | #4 
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the ſtate of the atmoſphere has not varied. Any irre- 

larity found in the reſults from the gun alone, will 
— that ſome neceſſary precaution has been neg- 
lected: but if the reſults from both pieces are irregular, 
it will be proper to defer the proſecution” of the expe- 
riments till another day, when the atmoſphere is more 
ſettled : in the mean time the utmoſt attention ſhould 
be paid to rectify any error in the apparatus, or in the 
mode of conductin the experiments. 

4. If any interval of time be ſuffered to elapſe be- 
tween the commencement and the proſecution of the 
experiments, and there be a difference in the initial 
velocity of the wall-piece, it will be proper to fire ſome 
rounds from the gun, in order to compare it with 


the preceding experiments, For example; if in the - 


morning the initial velocity of a 32 pr. be 1383 feet, and 
that of the wall-piece 1696 feet; and in the afternoon 
the initial velocity of a 16 pr. be 1424 feet, while that 
of the wall-piece be only 1600; a few rounds ſhould 
be fired from the 32 pr. the initial velocity of which 
muſt be neceſſarily leſs than it was in the morning; 
ſuppoſe it to be 1315 feet: the following proportion 
will be formed, 1315: 1383:: 941773845 1498 
which would be the initial velocity of the 16 pr. if the 
atmoſphere were in the ſame ſtate as in the morning. 

By this mode of operation, experiments made at any 


interval of time, at different ſeaſons, and under different 


ſtates of the atmoſphere, may be compared together 
with ſufficient accuracy. 
150. If under a mean ſtate of the atmoſphere, with re- 


ſpect to heat, denſity, and moiſture, theſe experiments be 
made with guns of medium length loaded as before (143); 
it will be found, on firing them in a horizontal direction: 


1. That with the largeſt charges the initial veloci- 
ties are nearly as follows: 


Narure of Guns Initial Velocities. | 
Pra, Feet. 
I — 101 
4 — 1720 


2. That 


I. * * 
- 8 — 
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2. That with the medium charges they are very 
nearly as follows ; 


Nature of Guns. Initial Velocities. 
Pre, Feet. | 
32 _ 1.350 
16 — 1416 
8 — 1449 
4 _ 1467 


3. That with the leſs charges (143) they will be 
about + leſs than with the medium charge; for in- 
ſtance, a ſhot from a 32 pr. charged with 74ibs, of pow- 
der, will be impelled with an initial velocity of about 
1180 feet, and a ſhot from an 8 pr. with 241bs. of 
powder, with an initial velocity of about 1269 feet. 

4. With the leaft charges (143, No. 3) the ini- 
tial velocities will be about 5 leſs than thoſe with the 
medium charge ; for inſtance, a ſhot from an 8 pr. 
charged with 11b. 10 oz. of powder, will be impelled 
with an initial velocity of 1061 feet; and a ſhot from 
a 16 pr. with 2 flbs. of powder, with an initial velocity 
of 1028 feet. It ſhould be recollefted, that with ſmall 
charges, the leaſt difference in the mode of loading the 
the gun, makes a great alteration in the initial velocities, 
while with large charges its effects would be ſcarcely 
perceptible, The ſureſt mode of keeping all circum- 

ſtances as nearly equal as poſſible, is always to ram the 

wads well, 

151. In experiments with three or four guns of the 
fame calibre, but of different lengths, loaded as above (150, 
No. 2); the following rule will furniſh an approximation 
ſufficiently exact to draw from it concluſions applicable to 
practice. (PI. 5, Fig. 15,) EB F repreſents the bore of a 

n of any calibre; the medium charge of powder D and 
the wad 8 are fo placed, that the ſhot A is diſtant from B 


three diameters of the bore FE: make F C=2AF 


from the point C as centre, with the radius C A, deſcribe 
the arch A K PR, repreſenting the ſcale of initial velocities, 
by lines drawn perpendicularly from AF to the arch. . To 
determine the initial velocity of a ſhot fired, for ' inſtance, 
from a long gun BL (66), loaded in the ſame manner (1 805 

o. 


and 
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No. 2); a normal line L Q drawn perpendicularly from the 
point L in the line A C, will correſpond to the relative ini- 
tial velocity. To have the abſolute initial velocity, make the 
following proportions : the relative velocity FP of a gun of 
the length BF is to its abſolute velocity, as the relative 
velocity L Q of the gun BL is to its abſolute velocity ; by 
the ſame method the initial velocity of a ſhot impelled from 
A gun of any length as BG may be found. The ſcale 
AKR would ſerve for longer guns, but it ſhould not be 
uſed (65). 

152. Experiments made with a view to determine how 
much the initial velocities of ſhot are affected by the differ- 
ence in the lengths of the guns, fired with different charges 
of powder, will be found to vary very little, from thoſe com- 
puied on the preceding principles. 

153. From the theory of the inflammation of the pow- 
der in guns of cylindric bores, when all the grains are fired 
in the piece, the following modifications ought to occur ; 

1. In diminiſhing the charges in guns of the ſame 
calibre but of different lengths, the initial velocities of 
ſhot from the ſhort pieces ſhould correſpond more nearly 
thoſe from the longer ones, as the charges of the latter 
are diminiſhed ; ſince the ſhot has its greateſt initial 
velocity, when in the ſhort piece the largeſt charge is all 
fired in the gun. 

2. The greateſt velocity of a ſhot projected from a 
ſhort gun, is with the largeſt charge that is all fired in 
the gun: it is only in very ſhort guns that this does 
not hold good, (Treatiſe on Powder). 

154. In computing theſe initial velocities, the guns have 
been ſuppoſed to be fired horizontally, or nearly ſo: but the 
velocities increaſe as the guns are elevated, which proves 
that the entire inflammation of the powder is accelerated by 
the greater reſiſtance oppoſed to the exploſion (Treatiſe on 
Powder). If a 32 pr. be fired with the medium charge 
(150, No. 2) at 20* elevation, the initial velocity wall 
exceed 1350 feet, and increaſe very much, if fired at 360. 


In the following chapter will be ſhewn the method of 


determining the initial velocities of ſhot fired from guns at 
high elevations, 
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CHAS... 


Or THE Curve DESCRIBED By CAx NON Snort. 


155, Tu E charges of powder for common ſervice 
have been already nientioned (150, No. 1 and 2); the 
objects againſt which they are directed ſhould not be very 
high; and to fire with effect, be lis than 1000 yards diſtant : 
even then the air's reſiſtance to the ſhot is very great, tho gh 
its effects on the gravitating principle be almolt inſenſible. 
When the line of deſcent is leſs than 260 feet, and the tume of 
the ſhot's flight not more than 4 ſeconds, the ſhot's path is a 
curve of the ſecond kind; ſo denominated to diſtinguiſh it from 
the cure e of the fourth kind, where the movements of im pul- 
ſion and grav. tation are both greatly affected by the reſiſtance of 
the air. In the Treatiſe on Powder, it was demonſtrated that 
the air's reſiſtance conſiderably retarded the movement of 
leaden bullets; and in the laſt chapter on hydroftatics, the 
air's reſiſtance to milit ry projectiles is expreſſed in pounds. 
In this chapter we propoſe to determine the law by which 
the air retards the movement communicated by the impel - 
ling power, in another manner, viz. directly by its forces. 

156. To ſolve this problem, we mult find experimentally 
the 2. of ſpaces paſſed through during the time of an impul- 

ve movement, retarded by the medium that the ſhot flies in: 
the initial velocities may be found by the method expreſſed 
in the laſt chapter, fiitherto we have only conſidered 
the effects of the alterations in the ſtate of the atmoſphere, 
on the inflammation and exploſion of the powder, and con- 
ſequentiy on the initial velocities of ſhot ; we will now ex- 
amine how far they can vary the air's reſiſtance to the ſhot, 
and render the former concluſions erroneous, 

The barometer will in ſome degree point out any changes 
that may take place, and for greater accuracy, two ſmall 
guns may be fired againſt a homogenous butt, at any diſtance 
not leſs than 160 yards; to aſcertain by the one, if the initial 
velocities be conſtant (149); and by the other, if the air's 
reſiſtance continue the ſame, An elevated (ot ſhould be 
choſen for theſe experiments, where, the gun laid horizontally, 
may be directed to the right or left, that the firſt grazes 


of 
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of the ſhot may ſeverally be on planes one below the other. 
Let theſe different planes be 4, 16, 36, 64, 100, and 144 
feet below the gun's axis; then the time of the ſhot's 
flight through the ſeveral ſpaces will be }, 1, 14, 2, 24, and 3 
ſeconds; thus, the equation of the ſcale will be more eaſily 
tound. | 

Then, with a charge that gives a known initial velocity, 
fire ſome rounds towards the place, 4 feet below the plane 
of the gun, in order to obtain the mean of the horizontal 
ranges (144, No. 3) which may be called 4g (Pl. 5, Fig. 
17): turn the gun to the place 16 feer below its plane; 
fire ſome rounds, and call the mean rp; let x6 be the 
mean to the place 36 teet, and K y to the place 64 feet 
below the gun. On the directrix @ K ſet off the times = 


28S 
V 
32. 18 


deſcent 4, 16, 36, and 64 feet; and erect from the points d, 
r, n, K, perpendiculars to the line a K, reſpeClively equal 
to the means of the ranges already found; the line ag pb y 
paſſing through the extremities of theſe perpendiculars, will 
be the ſcale of ſpaces paſſed through during the times of the 
retarded movements of impulſion. | 

157. It no convenient place can be found for this purpoſe 
the experiments may be made in another manner: on the 
ſide of a hill or mountain as (Pl. 5. Fig. 16) HL A, at the 
bottom of which is a horizontal plain M Z, chufe the ſta- 
tions A, L, H, of different heights; and from them fire the 
gun in the horizontal directions AK, L F, HX: then the 
perpendicular lines G K, P F, Z X will be ſpaces that the 
ſhot fall through by the power of gravity. The longeſt of 
theſe lines ſhould be leſs than 260 teet, that the refiſtance of 
the air may not ſenſibly affect the gravitating power, and that 
the difference of the heights may not occaſion any alteration 


=ad, ar, an, a K, correſponding to the lines of 


in the inflammation of the charge. From each of the points 


A, L, H, fire ſome rounds with charges of which the initial 
velocities are known, in order to obtain the mean of the 
ranges (144, No. 3); then ſuppoſing that from the point 
A the mean of ranges is =D G, from the point LRP, 
from the point H NZ; mark upon the directrix a K (Pl. 
„Fig. 17.) the times correſponding to the vertical lines 
K, PF, Z X; erect from the points d, r, u, the normal 
lines d g, vp, n 6 equal to the means of ranges already _ 
an 
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and drawing a line through the points ag p y, it will be the 
ſcale of ſpaces in the times of the retarded movements of 
impulſion. 

158. Having conſtructed this ſcale (156, 157), the reſult 
of the experiments ſhould be examined to ſee that there be no 
error, andas it is the ſcale of a retarded moyement, it ſhould 
have the properties expreſſed in the treatiſe on moving bodies : 
in the firſt place, the line ag p b y ſhould be a curve concave 
towards the directrix, and the differences pm, bo, Ly be- 
tween the ordinates, ſhould decreaſe in a regular progreſſion 
from à to y; wherefore, if the ſcale be a right line, or a 
curve convex toward the directrix, it is a proof that ſome 
errors have been committed in making the experiments, or 
in taking the reſults, But if they differ a little in one or 
two points only, it is immaterial, ſince ſmall errors are ine- 
vitable ; when this occurs, the differences ſhould be judici- 
ouſly corrected. To this end, deduct the ſecond differences 
from the firſt: and if the reſults be ſtill erroneous, take the 
third differences; in the latter, the leaſt irregularity in 
carrying on the experiments will conſiderably diſturb the 
order of progreſſion. To ſet this matter in a clear point of 
view, ſuppoſe the following to have been the reſult of the 
experiments. 


Spaces paſſed through by the Shot from the impulſive motion 
in correſponding times. 


Differences. 
Seconds of Time: Feet. Firft. Second. Third. 

I — 132 — — | — — 
BO nn tw ire 1092 | — | — 
3. — 23306 — g16 | 176 | — 
+. — 14008 — 772 | 144 | 32 
: — 4730 — 648 | 124 | 20 

a6  . ar 554 | 9430 


If no error be perceptible in the firſt ; but in the ſecond, 
the progreſſion does not decreaſe regularly, and in the third 
the difference after decreaſing from the firſt term 32 to the 
fecond 20, increaſes from the ſecond term 20 to the third 
term Zo, to correct theſe errors, let the reſults be modified as 
below ; then will all the differences decreaſe in a regular 
progreſſion and be ſufficiently accurate. 


Reſults 
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Reſults modified. Differences. 
Seconds of Time. Feet; Firft. | Second.(Third, 
1 — 1302 — — | — — 
2 — 2394 * 1092 | —— 
3 — 2310 = 916 | 196 | — 
gw yo © 772 | 144 | 32 
WE = S008 — 654 | 118 | 26. 
6 — 5292 — 556 | 98 | 20 


159. When the ſcale thus modified has the properties 
expreſſed in the preceding paragraph, we ſhould proceed to 
examine whether the reſults are juſt and conclufive. 

Fis. 17. For this purpoſe, if agpby be an equa- 
tion of this ſcale, and i che the equation of the ſcale of 
velocities in correſponding times ( Treatiſe on Moving 
Bodies), which ſhould be a curve-line convex toward 
the dire&rix, whoſe greateſt ordinate ar drawn from a 
the beginning of the times muſt be equal to the initial 
velocity of the ſhot, the other ordinates will decreaſe in 
proportion as the times increaſe, and the ſcale i he will 
approach the directrix, and touch it when the ſhot has 
entirely loſt its impulſive motion, For example, ſup- 
poſe the equation of the curve agpby to be g* +1 game 
mt; where q expreſſes the ſpace paſſed through by the 
ſhot from the impulſive motion, t the time; m and 
are two conſtant quantities which expreſs the initial 
velocity : if from this equation be deduced the equation 

88 m . 
of the velocities in the times, U Ty — will 


n 
— ++mt 


have all the properties that belong to the retarded 
motion; whence it may be inferred that the experi- 
ments have been properly conducted. 
Fig. 17. If on the contrary, the equation for the ſcale 
agpbybeprf=q*, where p is a conſtant quantity, and 
the ſcale of the velocities in the times be deduced ; U==E5, 


where t=0; the velocity is then equal to e, which is a ma- 
nifeſt abſurdity, ſince it muſt be equal to the initial velocity 
of the ſhot. Again, if p: .be the equation for agp 
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3 where p is a conſtant quantity; and the equation for the 


elocities in the times be ded v9. 
ſcale of veloci uced, a4; nary 
which is an abſurdity ; ſince when t ge, the initial velocity is 
infinite. 

160. In fine, if the ſcale of velocities in the times be 
conformable to the retarded movement, the ſcale of the 
air's reſiſtance to the ſhot at each inſtant may be deduced 
from it ; if this ſcale be a convex curve, and its greateſt 
ordinate at a with a progreſſive ſeries analogous to the ſcale 
of velocities, it will be a certain proof that the reſult is juſt : 
but ſhould the ſcale of reſiſtances not have the requiſite pro- 
perties, the reſults muſt be faulty. From the equation of the 


— may be deduced the 


2 rn, 


e of preſſures =p; then p= - _ 
wa fag win ? n*+4mtxV in*+mt 
is an equation that combines all the requiſite properties. 

161. The reſiſtance of the air to the rapid movements of 
projectiles depends not only on the actual denſity of the at- 
moſphere, but on the condenſation of the air before the 
projectile, whenever its velocity exceeds 1300 feet; for a 
vacuum is then formed behind the ſhot, which becomes ſo 
much the greater as the velocity exceeds 1300 feet. 

After repeated experiments -and obſervations on this ſub- 
ject, it appears that when guns are fired with charges that 
give an initial velocity of about 1300 feet, the formula 9 = 


ſcale of velocities U = 


_ will expreſs the retarded motion of impulſion with ſuf- 


ficient exactneſs for practice, whenever the extent of the 
movement is leſs than 1350 yards: but if the initial veloci- 
ties be much greater or leſs than 1 300 fegt, this formula will 
not ſerve, The letter 9 expreſſes the line of projection, 
which in ſhot impelled horizontally always correſponds to the 
length of the range; c the initial velocity of the ſhot, ? the 
time that it takes to paſs through the ſpace =q; and r a 
number proportioned to the diameters of the ſeveral ſhot ; 
this number is combined with the actual denſity of the at- 

. moſphere, 
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moſphere, and its value may be found by experiment, The 
diameters of the ſhot are as follows : 


Nature of Guns, Diameter of Shot, 


Pr. l f Inches, 

32 _ yn mo $.760 

16 n_ — 1 4.566 
„ = 3 653 
4 — — — 2.881 


If from the denſity of the air, y=12 in a 321b. ſhot, the 
value of r for ſhot of other diameters may be found by ana- 
logy ; hence in a 16lb. ſhot, 2 9.5; in an 8lb. ſhot, r= 
7.6; and in a Alb. ſhot, r=6. It from the denſity of the 
air, in a 321b. ſhot r=14; then in a 16lb. ſhot r=11.1 
in an glb. ſhot, 1 =8.8; and in a Alb. ſhot 127. 

For example, ſuppoſe from the denſity of the atmoſphere 
r=12in a 321b. ſhot, of which the initial velocity is 1349 
feet e; and the value of 4, the ſpace paſſed through with 
this ſame velocity in different times, be required: by ſubſti- 
tuting theſe data in the formula; in two ſeconds of time, 


© 1349X12X2 
s 


2312 feet; and in three ſeconds, 92 


— — un ſeet. If the initial velocity be 1517 
feet, in three ſeconds the line of projection is 3640 feet. 

In a 161b. ſhot with an initial velocity of 1416 feet, the 
line of projection in two ſeconds is 9g = LEES 2402 


feet; and in 4 ſeconds is 3985 feet. | 
In an glb. ſhot with an initial velocity of 1696 feet, the 


line of projection in 3 ſeconds is= 122 = ©X3- 1648 
7-0+3 
feet. 


In a Alb. ſhot, with an initial velocity of 1550 feet, the 
line of projection in 4 ſeconds is 3720 feet. 
Suppoſing the atmoſphere to become leſs denſe, ſo that in 
a 321b. ſhot r= 14; then if the initial velocity be 1433 feet, 
the line of projection in 4 —_— is 4458 feet. 
9 


— „ — — 0 
, — — — 
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In a 16lb. ſhot, with an initial velocity of 1534 feet, the 
line of projection in 2 ſeconds is 2 599 feet. 

In an lb. ſhot, with the initial velocity of 1450 feet, the 
line of projection in 1 ſecond is 1302 feet. 

In a Alb. ſhot, with the initial velocity of 1720 feet, the 
line of projection in 3 ſeconds is 3612 feet. 


162. If from the equation == be deduced the ſcale 


of velocities V in the times, (159) V= , which will 
14 * 


give the remaining velocities, after the ſhot has paſſed throug! 
the ſpace q in the time t. For example, ſuppoſe from the 
denſity of the air r=14 in a 321b. ſhot; then if the initial 
velocity be 1349 feet, the remaining velocity after 4 ſeconds 


will be V= e =816 feet. A 16lb. thot, with the 
s 14+ aq 

velocity of 1416 feet, will have a remaining velocity after 3 

ſeconds of 877 feet. 

The remaining velocity of an 8lb. ſhot, with the initial 
velocity of 1686 teet, will after 4 ſeconds be 796 feet. The 
remaining velocity of a 41b. ſhot, with the initial velocity of 
1467 feet, will after 2 ſeconds be 887 feet. 

Again, from the ſlate of the atmoſphere = 12; then the 
remaining velocity of a 321b. ſhot, with the initial velocity of 
1517 feet, will after 2 ſeconds be 1114 feet: a 16lb. thor, 
with the initial velocity of 1484 feet, will after 4 ſeconds be 
734 feet: an glb. ſhot, with the initial velocity of 1686 feet, 
will after 3 ſeconds be 866 feet; and a 41b. ſhot, with the 
initial velocity of 1600 feet, will after 2 ſeconds be goo feet. 

163. The problems of the curve of the ſecond kind (155) 
cert 32.18 
„ SS 
r +tk 2 

(PI. 5. Fig. 16.) Given the initial velocity=c of a 32lb. 
ſhot fired from A with the horizontal direction A K, to deter- 
mine by experiment the value of r. Suppoſe that the ſhot 
touch the ground in the point G of the plane D Z, as the line 
of projection AK=DG=g, and the line of deſcent K & 
are known; by ſubſtituting this laſt value in the formula 


S= —.— „it will give W/ JF and by ſubſtituting 
the 


may be reſolved by the formulas 2 
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ert 


the known values of g, c, f in the formula r the 


value of v will be found. For example; let c 1517, and 


A K be found by experiment=2655, and K G=64 feet; 
; gt __ 2655 x2 
then fz; and conſequently 8 92 
214. Having thus found the value of r for the 321b. ſhot, 
it may be found for the 16, 8, and albs. from the propor- 
tion of the diameters of the ſhot (161). | 
164. The value of r being given, to find by experimen 
the initial velocity of a ſhot fired in any direction. Suppoſe 
in the firſt place, that when the gun is fired in a horizontal 
direction A K, the firſt graze of the ſhort is at G: the line 
of projection and the line of deſcent being known, by ſub- 


ſtituting this laſt value in the formula S ma: the time 


of flight will he found : the ſubſtitution of which in the 
other formula will give the value of c. For example, if 
an glb. ſhot be fired in the ſame reſiſting medium as in the 
preceding Paragraph, 8. 8: and ſuppoling AK=3478 
feet, and K G=144 feet, then /=3 ; and conſequently c 


qxr+t 3478x8.8+3 
—— — 21 . 
mY 8.8 x ou 


Suppoſe, in the ſecond place, (Pl. 6, Fig. 18) that the gun 
be fired in a direction A M, forming with-the horizon the 
angle M A R, whoſe value is known ; and, that the ſhot 
flrike the ground in H: by meaſuring the horizontal diſtance 
AR, the line of projection A M and the line of deſcent 
M H will be found. If MH be leſs than 260 feet, the 
initial velocity will be greater (154), than if the gun had 
been fired with the ſame charge in a horizontal direction. 
Let M H=100 feet, then fg: let A M=2920, and the 
ſhot be a 4 pr. fired in the ſame reſiſting medium as above, 
r=7 ; conſequently c 1585. 

165. To determine the angle of elevation (Pl. 6, Fig. 19) 
DAF under which a ſhot with a charge that gives a 
known initial velocity=c will from the point A ftrike the 
object B, above or below the horizontal line A F. 

Draw the perpendicular line B D, and ſuppoſe D A to be 
the direction in which the = muſt be fired. Then as the 

2 angle 
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angle B A F and the fide AB in the reQangled triangle 
BF A are known, the fides AF, BF will alſo be found; 


call AF=m, B Fg. Since the line of deſcent=B DR 


cre 


8 . —, and the line of projection A D=q= . 


DF r, according as the point B is above or be- 


low F. As in the rectangled triangle AFD, XD AF. 


+D F*, by ſubſtituting the analytical values we ſhall have 
1 na 3 10351 + , 
the following equation, ——,=r* + —=— —32.18nt 
rF-+27t+!k 
*: whence may be deduced the value of t. If the point 
B coincide with the point F and the butt be in the plane of 
the gun, the value of g, and may be ſtruck out of the 
equation: the value of t being thus known, thofe of B D 
and A D may be afterwards found, which will give the angle 
of elevation D A F that was fought. 
166. (PI. 6. Fig. 20.) From the point B to hit the object 
L ſituated in the ſame plane as the gun: the value of t may 
be found in the following manner with ſufficient accuracy 
for practice; ſince even when the amplitude of a 3alh. ſhot 
is 1348 yards, the difference in the elevation H B L wil 
not be 4 ſecond. 
The diſtance B L between the gun and the object, may 


be conſidered as the line of projection 22 1 and ſubſti- 


tuting in this formula, the data 9, c, r, the value of f may 
be found; which being again ſubſtituted in the formula S 


ges the value of S for the line of deſcent LG: 


draw the line B G; then, in the rectangled triangle BLG, 
the angle G BL will be known: make the angle L B H 
equal to the angle GBL; BH will then be the direction 
in which the gun ſhould be fired to ſtrike the point L. For 
example, if B L be 560 yards, and a 32 pr. be fired with 
the medium charge of powder, c=135c feet (150); and 
from the reſiſtance of the air 12: by ſubſtituting theſe 


X12t 
1350 * 12 


numbers in the firſt formula, 1680 
1277 


„and con- 


ſequently 


\ 
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ſequently {=1.4 again ſubſtituting this value in the ſecond 


232.18 X 1-4 
formula S= A es 


nometrically G BLI 3, the L LB H that was ſought 
is alſo 1*. 3 

167. From the preceding theory, (PI. 6, Fig. 20) it will be 
eaſy to determine the value of 1 and the initial velocity=c, 
when theſe two quantities are unknown, by firing only two 
rounds. Fire a gun in any direction B D, provided that the 
line of deſcent be lets than 260 feet; and, ſuppoſing the ſhot to 
ſtrike the ground in E, find geometrically the line of pro- 
jection BD gg, and the line of deſcent D ES; and, by 


the Sauce ind the tms: then ſubRituce thefs 


zi feet=L G, and finding trigo- 


values in the equation B D=g===. If the gun be again 
fired with the ſame elevation, and exactly loaded as before, 
but turned to the right or left, ſo that the ſhot may ſtrike 
another point G, higher or lower than the former one E; 
having found geometrically the line of projection B K g, 
and the line of deſcent K G, find the value of t, and ſub- 


ſtituting it in the equation B K _ ; theſe two equa- 


tions will give the values of c and r. ; 

Suppoſe, in the firſt inſtance, that B D=1820 feet, and 
DE=36 feet; and, in the ſecond, B N 3237 feet, and 
KG=144 feet : then ſubſtituting theſe numbers in the firſt 


3 
formula, 1820= — =; and again in the ſecond, 3237 


$ 
z 
. from theſe two equations, c 1348 feet, and r=12, 


In firing againſt the height, R H (PI. 6, A * 18) having 
fired one round from A, in the direction AM; the gun 
ſhould be advanced to L, or retired to P; and, from one of 
theſe two ſtations, a ſecond round fired with the ſame eleya- 
tion þ ſince whenever it is altered, the initial velocities differ 
(154). 

168. The elevation AD, (Pl. 6, Fig. 21) and the 
initial velocity =c being given, and the value of 1 and gf 
the line of deſcent B D being known, to find the direction 

M 3 and 
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and the quantity K B of compound velocity, with whicl! 
the ſhot ſtrikes the point B. 

From B D deduce the value of t:; and by the formula « 
32.18 t of the velocities in the times through the move- 
ment of gravitation (Treatiſe on Moving Bodies 283) find 
the value of «, which ſet off from B to H : from the point 


2 
H draw H K parallel to D A, and by the formula vn | 


(162) find the remaining velocity = V ariſing from the 
movement of impulſion after the time :; then by ſetting off 
its value from H to K; and drawing the right line BK, it 
will give the direction, and the quantity of compound velo- 
city which the ſhot has at the point B. Let BD=144 
feet, then f= 3, and u=32.18x 3=96=BH ; and ſup- 
1250 x 135 
13+3 
=$891 feet; and fince the . BHK is equal to the . 


BDA which is known, the direction will be found, and alſo 
the quantity of compound velocity B K. 


1 
169. A combination of the formulas s, 


poſe c 1350 feet and r 13; then HK =V= 


c r E . . * i 32 0 18 

2 ( 163 ) will give the equation $ X 
$46 

ry 3 - =; Sppertaining to the curve of the ſecond 


kind (155), by means of which all the preceding problems 
may be ſolved. For example, if the initial velocity be 
known, and the value of r of a ſhot of given calibre be re- 
quired ; it will be ſufficiert to fire a round in a direction 
AD correſponding to the given velocity; and ſuppoſing the 
ſhot ſtrikes in B, by finding geometrically the values of the 
line of projection A D=9g. and the line of deſcent BD=S, 
and ſubſtituting them in the equation of the curve, it will 
give the value of r. Again, to find the initial velocity, and 
the value of 1; it will be neceſſary to make two experi- 
ments with the ſame charge, and at the ſame elevation (167); 
in each of them the values of the lines of direction and de- 
ſcent muſt be found and fubſtituted in the formula 8 


EN 


OF PROJECTILES, 183 


2 „ 2 
32.8, dp. , whence the values of c and r may be 

4 er=9g 
deduced. 

The application that will be made in the following chapters 
of the doctrine here laid down on the unequal movement of 
impulſion (161) will enable us with a moderate ſhare of 
diſcernment, to derive the greateſt advantages (141) from 
the uſe of artillery. 


170. To determine the curve of the fourth kind; when 


the reſiſtance of the air to the two unequal movements that 
conſtitute it is great, and the ranges are long ; it is neceſſary 
to make a courſe of experiments, which from the continual 
variation in the ſtate of the atmoſphere, and other circu 
ſtances, are very tedious, and require much accuracy an 
intelligence in thoſe that carry them on. As I had not an 
oppo: tunity of * all the experiments I deemed ſatiſ- 
factory on this head, I have here only laid down the funda- 


mental principles, that others may be enabled the more 
eaſily to proſecute the enquiry. Among the different methods 
that may be taken to determine the laws of this curve (156), 


the following appears the beſt. 

Chuſe an elevated ſituation, where the gun may be turned 
to any ſide; ſo that the ſnot may ſeverally ſtrike points, one 
below the other, in ſuch a proportion that the lines of deſcent 
may be 848, 1696, 3046, 5088 feet. From this ſpot fire 
ſeveral rounds in a horizontal direction towards the ſame 
object, with a charge that gives a known initial velocity, in 
order to obtain a medium of horizontal ranges and of lines 
of deſcent. Perſons ſhould be ſtationed at different parts 
with ſecond watches, to reckon exactly the time that the ſhot 
takes from the inſtant they ſee the ſmoke of the gun, till it 
touch the ground. Having found the- mean of the two 
movements of impulſion and gravitation, turn the piece 
towards another object, in order to obtain a different me- 
dium, then towards a third and a fourth, with the fame 
precautions as before. | 

Theſe experiments ſhould be repeated with a gun of a very 
different calibre, with the ſame care and attention (156), 
that the reſults may not be affected by the variations of the 
atmoſphere. Shot much lighter than the common ſhot may 
be made for the occafion, by ſuſpending in the center of the 
mould a ſphere of well-tempered clay, which will be thug 
| > M 4 com- 
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completely enveloped by the melted metal; the reſiſtance 
the air to theſe projectiles will be much more ſenſible. ] 
this hollow ſhot be to a ſolid one of the ſame diameter, as 
He weight of a ſhell full of powder is to a ſhell of the ſame 
diameter caſt ſolid, the reſults may be applied to mortars in a 
much more ſimple manner. 

After the experiments, conſtruct two ſcales for each gun: 
one for the ſpace paſſed through during the time of a re- 
tarded movement of impulſion; the other for the movement 
unequally accelerated by gravity. The laſt ſcale ſhould give 
a curve convex towards the directrix. The two ſcales may 
be analyſed in the manner above ſhewn (158, 159, 160); 
and if the experiments have been made with care, the equa 
tion of each movement will be ſo expreſſed as to ſerve for 
all the different ſtates of the atmoſphere. | 

171. While the ſtate of the atmoſphere remains the ſame, 
the reſults of the experiments (170) will be concluſive, if 
they have been carried on with proper attention : but the 
ſame inference mult not be drawn in the former caſe (157). 
For if a gun be fired from the different heights A, L, H, 
(Pl. 5, Fig. 16) and the lines of deſcent GK, PF, Z X, be 
very conſiderable as 848, 1696, 3046, and 5088 feet, the 
reſults will be falſe and inconclufive, even if there be no 
alteration in the ſtate of the atmoſphere; 

1. Becauſe ſhot fired from different heights are op- 
poſed by air of different denſities ; the law therefore of the 
inflammation and exploſion of powder is altered, though 
the quantity be the ſame : of courſe the initial veloci- 
ties will differ. 

2. The lines of deſcent GK, PF, ZX, and the 
lines AK, F L, H X, which expreſs the movement of 
impulfion, traverſe in an inverſe order the air which is 
of different denſities at different heights ; whereas by 
firing always from the ſame place H (170), the ſhot 
will at the firſt graze ſtrike the points M, B, E, T, 
with correſpondiag lines of deſcent ; and traverſe the 
air in the natural order; the lines which expreſs the 
movement of impulſion will be in the direction H X. 

To aſcertain the modifications that take place in the 
inflammation and exploſion of powder, and in che reſiſtance 
of the air to projectiles, owing to alterations in the ſtate of 
the atmoſphere, the following experiments may be made: 
Let a muſquet be fired very cloſe to a butt in the bottom of 

| a valley; 
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a valley; and another be fired with an equal quantity of 
powder of the ſame quality againſt the ſame butt, at the 
diſtance of 675 feet: at the ſame time let another perſon, at a 
place 5000 or 6000 feet above the former ſituation, diſelrarge 
a bullet from a muſquet of the ſame calibre equally charged, 
and at the ſame diſtances as the former one, againſt a butt 
equally homogenous and conſiſtent : the penetrations will be 
much —2 the muſquet fired near the butt at the 
foot of the mountain, than from that fired near the butt at 
the higher ſituation; but will be much leſs at the diſtance of 
675 feet, than from the upper one at 675 feet. Theſe effects 
were ſo ſenſible in the campaigns of 1743, 1744, and 1747, 
in the ALps, that there were days when the muſquets fired 
at the top of the mountains ranged 4 more than the ſame 
muſquets at the bottom : ſometimes the mountains were 
enveloped in thick clouds, while the vallies beneath were 
perfectly clear; at other times the atmoſphere in the vallies 
was loaded with vapour, while thoſe on the heights enjoyed 
a cloudleſs ſerenity : in ſhort, ſo great and frequent were the 
alterations, that the experiments of one day bore no analogy 
to thoſe of the next. 

172. To determine in another manner the law of each 
of the unequal movements that conſtitute the curve of the 
fourth kind ; let a gun be frequently fired from a horizontal 
plain PA K, (PI. 6. Fig. 18.) at the foot of a mountain 
K IH, with the ſame elevation K AM, and with a charge 
that gives a known initial velocity. Fire ſome rounds from 
A, ſo that the medium of the lines of deſcent may be from 
600 to 700 feet : fire again from P, at a gone diſtance 
from K the foot of the mountain, that the ſhot falling in I, 
the lines that expreſs the movements of impulſion and gra- 
vitation, may be longer: remove the guns ſtill farther from 
K, and fire as before; and, having taken the mean reſult, 
retire the gun to a ſtill greater diſtance from the mountain, 
ſo that the ſhot falling on the plane PL, may give the 
longeſt lines of projection and deſcent poſſible, under theſe 
circumſtances; always uſing a ſecond watch to mark the 
time of flight of the ſhot; and, taking every precaution 
to know whether the ſtate of the atmoſphere remain the 
ſame. From theſe reſults two ſcales applicable to the uſes 
before expreſſed (170) may be conſtructed, Experiments 
conducted in this manner cannot be very erroneous, but, 
their reſults are more complicated than the others, (170) 
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fince the ſhot in aſcending, paſſes continually from 2 denſe 
to a more rarified medium, while the reverſe takes place 
when the ſhot deſcends. 


CHAP. Ii. 


Or Taz ErrtcTts or Cannon SyoT on Works. 


173. Tun uſe of heavy artillery (64) is to ruin and 

demoliſh permanent fortifications and works. 
In the attack of fortreſſes, 32 prs. are uſed for battering 
in breach, when the ramparts are of great ſolidity; but, 
from the great expence attending theſe heavy guns, and the 
difficulty of tranſporting them, 16 prs. ſerve tor diſmount- 
ing the artillery in the outworks, and beating down the de- 
fences. For richochet and hot-ſhot firing, 4 and 8 prs. are 
uſed, as they require leſs ammunition, and fewer men to 
work them. | 

in the defence of places, againſt which the beſieger can 
eſtabliſh any number of batteries he pleaſes, the proportion 
of 32 prs. hould not exceed a third of the whole number of 
guns in the garriſon ; as 8 prs. will ſerve for firing againſt the 
opening of the trenches, and 16 prs. againſt the approaches : 
but, if the ſituation of the ground be ſuch, that the artillery 
of the place has a decided ſuperiority over any batteries the 
beſieger can erect ; then, to take full advantage of this cir- 
| cumſtance, the number of 32 prs. ſhould be increaſed: long 
| 4 Prs. will keep the enemy in reſpect around the place, and 
| a few ſhort light pieces (66) may be held in readineſs for 
making ſallies. | 

174. To uſe fire-arms to the preateſt advantage, the 
effect of each ſhot ſhould be obſerved: (141) for this 
purpole 3 
| 1. The guns and carriages ſhould be conſtructed 

with the utmoſt accuracy. 

2. The guns ſhould be ſerved with care and judg- 
ment, and placed at a proper diſtance from the objects 
intended to be battered. 

175. In the former part of this treatiſe, the principles of 
the beſt conſtruction for guns were fully explained: but, as an 
officer is ſometimes obliged to uſe guns defective in ſome 
material point, he ought to conſider by what expedient he 

can 


or PROJECTILES, 187 


can beſt remedy the defect: the charge ſhould be leſſened, 
when it proceeds from the want of proper weight in the 
gun, or of a due thickneſs of metal in the breech. 

The knowledge of an artilleriſt ſhould be both theoretical 
and practical: to aſcertain the nature of the curve de- 
ſcribed by a projectile, develope the cauſes that influence its 
formation ; thence deduce rules applicable to the various 
caſes that occur on ſervice, and be able in the beſt and moſt. 
expeditious manner, to repair any accident that may hap- 
pen, is the part of the theoriſt, and of the officer. The 
non- commiſſioned officers and ſoldiers are inſtructed in the 

rt ly practical : they are taught 
* he? To load the — in a — and uniform manner, 

and to ram the wads when the fame charge is uſed, 
with equal force; a negle& in this point is the cauſe 
of your irregularity, particularly when the guns are 


2. In laying the gun, to remove every obſtacle that 
can tend to derange the firing. 

3. Having by two or three rounds aſcertained the 
direction for hitting the object, to continue it without 
variation, | 

176. That the gun may be placed at a proper diſtance 
from the object (174, No. 2); the ſhot's path muſt be con- 
ſidered, and allowance made for every circumſtance that can 
affect the range: the relative ſize and poſition of the object 
mult be particularly attended to ; for, when it is much higher 
than the gun, though very diſtant and narrow, it is more eaſily 
hit, than when lower and of greater extent; ſo that the 
lower the object is, the nearer the gun muſt be brought to 
it, In the attack and defence of places of low profile, the 
height of the works againſt which the fire is directed in the 
firſt part of the attack, does not exceed 7 fert, as the para- 
pets, the exterior of the embrazures, the heads of ſaps, &c. 
The greateſt diſtance at which guns ſhould be fired againſt 
ſuch low objects, has been fixed in our military treatiſes, 
at 680 yards. | | 

177. After hitting the object, the next point is to con- 
fider the degree of force requiſite to overcame its reſiſtance: 
for, if this be ſuperior to the impetus of the ſhot, no effect 
will be produced; and, when greatly inferior, it may be 
ſometimes proper to diminiſh the force of the projectile, 
in order to produce a greater effect, and avoid ſpoiling the 
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he following conſiderations may perhaps aſſiſt an officer 
commanding a battery, in forming his judgment on this 
occaſion. | 
1. The largeſt charges are only uſed when a great 

force is required, and exactneſs in firing is not abſolutely 
neceſſary ; as battering in breach from the creſt of the 
glacis. But, in firing from great diſtances to diſmount 
the enemy's guns, batter the trenches, heads of ſaps, 
or other low works, the medium charges are lutficient, 
that the violence of exploſion may not produce irre- 
gularities (7, 8, 9). 

2. The leſs, and even the leaſt charges will ſerve 
for battering towns or villages ſurrounded with a fingle 
wall, unſupported with a rampart of earth; ſince a ſhot 
impinging on a thin wall with great force, makes a hole 
without ſhaking the contiguous parts : thus it requires 
a greater number of rounds with large charges to 
demoliſh them, than if tie charges were diminiſhed. 
Should the fituation of the ground permit the gun to 
be laid on an oblique direction at the object, the me- 
dium, and even the largeſt charges may be uſed : in this 
caſe the eitects of the ſliot are in the ratio of the angles 
of incidence. 

178. The force of the direct ſhock of hard bodies, is cal- 
culated from their maſs multipled into their velocity; and 
the force of the oblique ſhock, by multiplying the former 
product by the right fine of the angle of incidence, divided 
by the whole fine ( Treatiſe on Moving Bodies). If the force 
V, the weight of the ſhot =, the velocity with which it 
impinges = V, the right fine of the angle of incidence a: 


then f=m V x is the general formula in which 


a 
whole fine 


the fraction NIE is equal to unity in the direct ſhock. 
If the value V of the remaining velocity (162) be found, 
the impetus with which ſhot of the ſame or different diame- 
ters impelled with different intial velocities, impinge on 
objects at different diſtances, may be compared. For in- 
ſtance, let the diſtance between the gun and the object be 
expreſſed by the line of projection, and in a 32 pr. r= 4 2: 
| . then 
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then in the direct ſhock, the force with which a 32 lb. ſhot 
with an initial velocity of 1350 feet, impinges on an object 
placed very clole to it, is to its force at 4056 feet, as 1350: 
759: and the force with which a 161b. thot, with an initial 
velocity of 1416 feet, ſtrikes an object at the diſtance of 932 
feet, is to its force at 3229 feet, as 1226: 8179. On com- 
paring in the ſame manner ſhot of different diameters, it ap- 
pears, that the force with which a 321b. ſhor, with an initial 
velocity of 1350 feet, ſtrikes an object at the diſtance of 330 
feet, is to the force of a 4lb. ſhot, with an initial velocity 
of 1467 feet, at the diſtance of 3520, as 32 x 1300: 4X 5283 
that the force of a 16lb. ſhot, with an initial velocity of 1416 
feet, at the diſtance of 3886 feet, is to the force of an 8lb. 
ſhot, with an initial velocity of 1449 feet, at the diſtance of 

50 feet, as 15x 716: : 8x 1361. If under ſimilar circum- 
— the ſhocks be oblique, ſo that with a 16lb. ſhot the 
angle of incidence be 209, and with an 8lb. ſhot 755, the 
two ſhocks will be to each other: : 16x 716 x 34202: 8 x 
1361 x 96592. 

179. in the preceding paragraph it was ſuppoſed, that the 
compound velocity B K of the thot, when it impinges on an 
object, was equal to the remaining velocity H K, which is 
in the ratio of the retarded motion of impulſion: this is 
the caſe not only in this particular inſtance, but in all others 
that do not admit of geometrical preciſion, Nevertheleſs, 
on aſcertaining the greateſt difference that can be between 
theſe two velocities, in the common ſervice of guns, we ſhall 
find it to be too inconſiderable to occaſioh any material error 
for, if the value of the compound velocity B K be deter- 
mined (168), the gun having been fired at the higheſt 
elevation the carrizge will admit of, BK is leſs than HK in 
the proportion of about + in the 100; that is BK: H K 
: 297 : 400; and if the gun be deprefſed as much as poſ- 
ſible, BK will exceed HK in the proportion of about + m 
the 100; that is BK: HE: : 801 : 800. 

180. Among the ſeveral works againſt which cannon are 
fired; there are ſome which do not yield to the mot violent 
ſhocks ; and others of very (light reſiſtance. Of the firſt 
kind are thoſe cut out of the ſolid rock, the hardneſs of 
which joined to the coheſion is ſuch, that the moſt violent 
thocks cauſe no diſunion in the parts. If the weight of the 
ſhot=m, the velocity with which it impinges= V and n= 


the object impinged on; the whole effect of the ſhot on 


this 
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this work, is a flight tremulous motion in the point of im- 
pact, incapable of producing the leaſt ſeparation of the parts: 
ſo much does its maſs exceed the maſs of the ſhot. There 
is in this caſe no method of making a breach but by 
mining, however tedious or difficult the operation may be. 
181. There are three ways in which works that yield to 
cannon balls (180) may be deſtroyed : * 
1. By teparating the conſtituent parts, when the ſhot 
cannot penetrate. 
2. By penetrating without ſplitting or ſhivering them. 
3. Or by producing both theſe effects at the ſame 
time. 


In the firſt caſe, the upper parts being by repetition of the 
ſhocks deprived of their baſe fall down; as in walls built 
very ſolidly of hard ſtones, cemented with mortar : the 
more ſpeedily to effect this, ſhot of the largeſt calibre ſhould 
be projected with the greateſt initial velocity, and the guns 
placed very near to the object, and fired in ſalvos; that the 
ſeveral ſhocks being made at the ſame inſtant, may be the 
more efficacious. The 64ʃb. ſhot formerly in uſe, were 
well adapted to this purpoſe ; as they demoliſhed the wall 
in a very little time, even with an initial velocity leſs by 1! 
than that of a 321b. ſhot; ſince from the grea- er quantity 
of movement, they ſooner ſeparate and open works of ma- 
ſonry (Treatiſe on Moving Bodies, 370, 371, 372). Theſe 
obſervations on walls conſtructed of hard ſtone and lime, are 
in ſome degree applicable to works cut out in ſoft or friable 
ſtone ; with this difference that the upper part of the rock 
being by its nature firmly fixed in the ground, is leſs ſhaken 
than a wall ſ{uppcrted by earth, which though an adjunQ, 
is little affecled by the ſhack ; whereas, the rock being one 
body, the ſhock is communicated to its whole mals ; and is 
ſo generally diffuſed, as to be almoſt inſenſible. Suppoſing 
the two works to he of equal tenacity, that cut out of the 
rock will ſuffer leſs from the ſhot. 

182. Works are deftroyed in the ſecond manner (181, 
No. 2) when the ſhot penetrating to different depths, diſu- 
nite the contiguous parts; as in turf, earth, &c. The for- 
mula S DN. (246), ſerves to determine preciſely the 
penetrations of ſhots of different diameters, into works-of 
this kind: the penetration of a 3alb. ſhot, which with an initial 
velocity of 1517 feet, impinges on a work of this ſort, is to 
that of a Alb. hot, with the velocity of 1010 feet, as 5. 769 

| f X 1517*: 
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* 15177: 2. 881 * 10107 (161). If a 321b. ſhot (146) 
with an initial velocity of 1517 feet, penetrate a butt of 
earth to the depth of 20 feet, a 41b. ſhot with the velocity of 
1010 feet, will under the ſame circumſtances, penetrate only 
to the depth of 44 feet; therefore, intrenchments 5 feet 
thick cannot be pierced Alb. ſhot that impinge with 
this velocity. The ſame formula will determine the dia- 
meter or velocity that ſhot ought to have to penetrate a 
parapet of a given conſiſtence and thickneſs (146): if the 
thickneſs =S be 8.43 feet, and the conſiſtence : F be 
7046, by ſubſtituting theſe data in the formula, we ſhall 
And that ſhot which have a velocity of 1012 feet, to paſs 
throuzh this parapet, ought to be 3. 653 inches in diame- 
ter, which correſponds to an 8lb. ſhot (161). 

183. To determine the relative penetration of ſhot of 
different diameters, fired at different diſtances againſt a pene- 
trable and homogeneous butt, the remaining velocity = V 
with which the ſhot from the diſtance 2 with an initial 
velocity = c impinges, muſt be found from the movement of 


impulſion : for this purpoſe the formula g= =, (161) will 
give the time t; and, the value of r being given, the 


* 
time may be ſubſtituted in the formula V = — (162). 

r+t 
Having thus found the value of V, the compound velo- 
city with which the ſhot impinges, may be conſidered as 
equal to the remaining velocity (179) without any material 
error; on this principle, the following table of the relative 
penetrations of ſhot of different diameters, impelled from 
guns loaded with the largeſt and the medium charges, againſt 
a penetrable and homogeneous butt, from four different 
diſtances ' has been calculated; the initial velocities are as 
before expreſſed (150) and from the reſiſtance of the air, 
in a Zalb. ſnot r=12. By firing one round, the abſolute 
penetration of a ſhot into a given butt will be determined ; 
and, from the relative penetration it will be eaſy to aſcer- 
tain the abſolute penetration of other ſhot, under the ſame 
circumſances into the ſame butt. For example, if a 321b. 
ſhot with the largeſt charge, fired cloſe to the butt, penetrate 
to the depth of 22 feet, an 81b, ſhot fired with the largeſt 


charge, at the diſtance of 1000 yards, will penetrate only 
to 
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to the depth of 6 feet If a 161b. ſhot with the medium 
charge, fired at the diſtance of 340 yards, penetrate 10 feet, 
2 Alb. ſhot with the medium charge, at the liſtance of 680 
yards, will penetrate only to the depth of 33 feet. 


The relative penetrations of ſhot, projected from different 
diſtances, with given initial velocities. 


* 5 | Fr | Relative Penetrations, 
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184. To judge of the total effects of ſhot, it ſhould be 
obſerved ; that the larger the ſhot are, the ſooner the upper 
parts are deprived of their baſe, and fall down, If D* 
expreſſing the penetration of ſhot, be multiplied by D* a 
quantity proportional to the baſe of the cylindrical cavity, 
made by the ſhot, D® U will be expreſſed by the ſize of 
the hole; that is to ſay, the holes made by the ſhot are 


in the compound ratio of the weight of the ſhot, and the 


ſquare of its velocity, The effects of a 641b. ſhot imping- 
ing on a parapet of earth, with a velocity of 1247 feet, are 
to the effects of a 321b. ſhot, with an initial velocity of 1350 
feet, as 64 x 1247*: 32 x 1350“ or as 43: 25 nearly. 

Hence it appears, that 64 prs. are in both caſes (181) 
more proper for battering in breach than 32 prs. and the 
ſole reaſon why they are not uſed in the attack of places, is 
the difficult y of tranſporting and working them, 
185. Since 


A 


* 
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185. Since ſolid and reſiſting bodies are demoliſhed by 


the diviſion of their parts, and thoſe that are leſs tenacious 
by the penetration of ſhot into them (182, 183); bodies 
partaking of theſe two phyſical qualities, are demoliſhed in 
a compound manner (181, No. 3): of this kind are walls 
built of brick or fimilar materials. The effects of ſhot on 
walls ar: much modified by the proportion that the force 
of percuſſion bears to the reſiſtance, When two ſhot of 
different diameters penetrate to great depths, the holes are 
in the ratio of D* «* (184); but, it one penetrate to a great 
depth, and the other but a little way, this proportion will 
not be juſt ; for, the hole made by the latter, is leſs than 
what reſults from the expreſſion D* *; fo that if its force 
be only ſufficient to overcome the reſiſtance, it will bury but 
a ſmall part of its circumference, Hence it is eaſy to com- 
prehend, why ſhot projected from 8 and 4 prs. are ſome- 
times - inſufficient to beat down walls of this kind ; while 
that they produce all the effects expected from them, when 
fired againſt other walls. The direction of the ſhock, con- 
ſidered rclatively to the thickneſs of the wall, likewiſe con- 
tributes to modify its effects: a ſhot that with great impetus 
impinges with a direct ſhock on a thin wall, paſſes through, 
and only makes a hole, without ſhaking or diſuniting the 
contiguous parts : but, if a wall of the ſame quality be thick 
enough to receive all the f.rce of the ſhot, it, beſide making 
a hole, ſhakes and looſens the reſt of the wall. A ſingle 
wall is. ſooneſt demoliſhed by firing againſt it directly with 
ſmall charges, or obliquely with large ones; ſince the ſhot 
not being able to paſs through, it receives all its force : the 
ſervice of artillery in richochet and hot-firing, is diſcuſſed in 
tie ſubſequeat treatiſe, 


CHAP. IV, 


Or True ExrFEcTs or CAN NON SHOT IN ENGAGEMENTS, 


186. IN forming a train of artillery for the ſervice of 
an army in the field, there are ſeveral points to be conſi- 
dered : the nature and diſpoſition of the ground ; the kind 
of war that is to be carried on ; the intended plan of ope- 
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fations ; the number and quality of the troops that compoſe 
the army, and their manner of fighting. 

A general commanding an army, ſhould be acquainted 
with the effects of artillery, that he may know when it can 
be employed to advantage; and how far, when judicioully 
and ſkilfully ſerved, it can contribute to the attainment of 
his object (141, 142). | 

187. Incountries where the tranſport of carriages is attended 
with no great difficulty, the train of artillery that march with 
armies, are compoſed of medium guns, caſt of metal con- 
taining + of tin, and carrying balls of 16, 8, and 4lbs (64). 
Theſe guns are divided into brigades : the heavieſt ſhould 
not weigh more than 32 cwt. as the bridges conſtructed by 
the peaſants for their carts and waggons can ſeldom ſupport 
a a greater weight: beſide, if the road be not hard, or have 
been ſpoiled by preceding rains, it will be impoſſible to move 
heavier guns, even at the opening of the campaign; and, 
In autumn, when the roads are generally deep, the cattle will 

be exhauſted with the fatigues they have already undergone. 
Therefore, the ſpecies of artillery ſhould be always adapted 
to the nature of be country. 

In carrying on offenſive operations in a champaign coun- 
try, the train of.,artillery ſhould be compoſed of 8 prs. ; to 
which may be added a few 16 prs. for occaſions of great 
exertion : there ſhould be a few ſhort light guns (97) to 
accompany any corps of the army that may be deſtined by 
rapid marches to fall on the enemy's convoys or cut off their 
detachments. In deep hilly countries, ſhort 8 and 4 prs. 
ſhould be the heavieſt guns uſed : indeed, an exact know- 
ledge of the nature of the country is the beſt rule for deter- 
mining the calibre as well as number of the guns. 
When the army is to remain on the defenſive in a coun- 

try where the roads are tolerably level and good, and there is 
no great probability of being obliged to make very long move- 
ments, the number of 16 prs. ſhould be greater than would 
follow an army acting offenſively in the ſame country; but 
if this defenſive ſyſtem be carried on in a ſtrong country, 
where the tranſport of carriages is difficult, and long and 
rapid marches may be indiſpenſibly neceſſary ; the brigades 
of artillery ſhould be ſo conſtituted as eaſily to keep up with 
the army. Any poſt that the general may wiſh to — 

and maintain during the campaign ſhould be provided wi 
guns of large calibre (71). b 
g 5 Having 
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Having already treated of the nature and importance of 
theſe poſts in the 6th Book of Military Architecture, I ieave 
it to the profeſſors of the academies to explain them fully to 
the cadets of the royal corps of artillery ; that being equally 
maſters of the principles of tactics and fortification, as of 
their own profeſſion, the ſervice may on every emergency 
reap the greateſt benefit from their knowledge and exertion, 

188. Theſe guns are able to bear the largeſt charges; yet 
they ſhould not be uſed but in caſes of abſolute neceſſity and 
when they cannot derange the firing : ia all other caſes, the 
charges ought to be proportioned to the initial velocity that 
the projectile ſhould have to produce the deſired effect. For 
example, the medium charge may be uſed in enfilading 
columns of troops ; as the ſhot from its greater velocity will 
deſtroy a greater number of men: but if the leſs charge will 
impel the ſhot from front to rear of the column, the medium 
charge would ferve no other purpoſe than unneceſſarily to 
heat the gun. Againſt an enemy drawn up three or four 
deep, the leſs charges ſhould be uſed ; as the leaſt charges 
may from ſome neglect in wadding be uncertain in their 
execution. 

189. From the deſire of firing quick in action the greater 
part of the ſhot do not take effet; fi..ce in working the 
guns with ſuch precipitation, rnere will moſt probably be a 
want of attention in loading, laying, or ſome other eſſential 
point. The frequency of firing ſhould be regulated by the 
certainty of doing execution ; thoſe who are actuated by any 
other motive fruſtrate the deſigns of the general, and are the 
cauſe of all the bad conſequences that may enſue : they can 
neither be juſtified by the anxious deſire that the troops ex- 
preſs to ſee them fire quickly, nor by a chimerical point of 
honour, which is by ſome individuals abſurdly placed in 
firing ſo many rounds in a minute. Whenever the diſtance 
is ſo great or the object ſo ſmall. that the chance of hitting 
it is very uncertain and precarious, it would be n. uch better 
to ceaſe firing and wait till by a nearer approach or by ſome 
movement of the enemy, an opportunity offers of doing 
effectual execution, 

190. In engagements, the enemies troops are the objects 
- againſt which cannon ſhot are directed; it is therefore highly 
neceffary to know the effects that ſhot of different diameters, 
and with different velocities, can produce upon a body of 
troops, according to the diſtances at which they engage; 

N 2 otherwiſe, 
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otherwiſe, the artilieritt wil! in a variety of gr gumſtances be 
unable to uſe his gun to the greateſt advantzze (14). 

In firing at incantry, the height above the plane of the 
ground is about 6 feet, and in firing ac cavairy 3ot more 
than 10 feet; wheretore the diſtance thould u exceed 
680 yards, except when the enemy is drawn up ſo deep, that 
the ſhot can hardly fail of taking effect. 

The execution of cannon ſhot in ad ion is eſtimated from 
the number of men that are killed, or wounded in ſuch a 
manner as to be diſabled from further immediate fervize : it 
is unneceſſary to conſider the depth cf the wounds; as a 
man ſtruck by a cannon ball is generally incapacitated, at 
leaſt for the preſent. The great object of the artilleriſt “ i 
* to endeavour to ſirike with each ſh:t the greateſt number of 
6 men poſſible” (141 142) : this depends; 

1. Oa the diſpolition of the enemy, and the nature 


of the ground, 
2. On the calibre of the guns and the judicious uſe 


of round or caſe (hot : 
3. On the velocity with which the ſhot are impelled, 
and the diſtance between the battery and the enemy. 

191. There are two caſes with regard to the nature of the 
ground (190 No. 1); the firſt, when the two armies are 
drawn up on ground nearly on the ſame plane : the ſe:ond, 
when they are on planes differently inclined. When they 
are both on the fame plane, whether horizontal or inclined, 
the ſurface expoſed to the fire of the cannon is a part of the 
firſt line ; ſhould this be the head of a column, or the flank 
of a body of troops ranged in order of battle, the ſhot by 
enfilading them will be very deſtructive. But if the enemy 
be drawn up three or four deep in front of the gun and 
within proper diſtance, cafe ſhot will do moſt execution; 
ſince a round ſhot can in this caſe, only carry off a file of 
three or four men, whatever be its diameter or velocity, 

192. When the two armies are on different planes, the 
exccution of the artillery muſt depend on the extent of front 
and depth of files: on conſidering the principal caſes that 
can occur in the two general diſpoſitions of an army, Viz. 
draven up in column, or line; it will appear: 

1. That if the enemy be drawn up in column on the 
ilope G F inclined towards F, the head only of the 


column G (Pl. 6. Fig. 21.) will be expoſed to the can- 
non 
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non A: caſe ihot will then be preferable to round ſhot, 
if the diſtance A G admit of it. 

2. If the column be on the ſlope GE inclined to- 
wards E or on the height NBM; it will preſent to 

the cannon A an object of great extent, and be from 
its ſituation very much expoſed : the cloſer the ranks - 
are, and the deeper the column, the more deſtructive 
will be the fire of the artillery. 

3. If AB be wi hin range of caſe ſhot, its greateſt 
effect will be at NB M, where from the divergence of 
the ſhot each may ſtrike a man; while that in G E 
much nearer to the gun, the ſhot not having had time 
to ſpread, each man will be ſtruck by two or three, and 
the execution will of courſe be leſs. 

4. When the column reaches the horizontal plain 
PE, it will ſuffer leſs than in the former ſituation : if 
A and PE be nearly in the ſame plane, fewer men 
will be expoſed than at AP: the caſe ſhot ſhould then 
be compoſed of balls of the largeſt diameter that each 
of them may kill or wound more than one man; and 
then every ball that ſtrikes will enfilade the whole diſ- 
poſition, If PE be lower than A, ſo that the guns at 
A muſt be much depreſſed ; caſe ſhot compoſed of the 
ſmalleſt balls will be the beſt ; ſince from the greater 
number their effect will be equal to that produced in 
the former inſtance by the large balls; there being in 
this caſe no probability of eſtabliſhing an er filade. 

5. The enemies army drawn up three cr tour deep 
upon the height G will be expoſed to the fame danger, 
as when in column on the ſlope G F; but by retiring 
a little, G will ſerve as a parapet, under the cover of 
which they may ſecurely fire at A. 

6. Should the enemy be drawn up three or four 
deep upon the ſlope E G, the greateſt effect of a round 
ſhot will be to carry off a file of men even when the 
ranks are very cloſe : but if there be a conſiderable in- 
terval between them, caſe ſhot, when the diſtance admits 
of it, will be moſt deſtructive, both in this inſtance and 
won the enemy has advanced to the horizontal plain 

193. The direction in which guns ſhould be fired depends 
on the initial velocity of the ſhot, its diameter, and the di- 
N 3 ſtance 
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| . 
ſtance from the enemy; the formulas g= =, $= —.— 


(165, 166) will give a ſolution of the problem. 

he opinion of ſome artilleriſts, that guns in time of 
action ought always to be fired horizontally, or at moſt with 
4 d of elevation, can only be juſt in particular caſes ; 
the following example will evince the neceſſity of ſometimes 
deviating from this maxim. Let the gun AB (PI. 5. 
Fig. 14.) be fired in the horizontal direction A C with the 
charge that gives an initial velocity of 1416 feet ; and from 
the reſiſtance of the air, -=q. 5. Now ſuppoſing the 88 
and the enemy to be in the ſame horizontal plane; Let K G 
repreſent the vertical diſtance between the two planes A C, 
DF; K G will then expreſs the ſpace = $ paſſed through 
by the power of gravity, and. by ſubſtituting the value of K G 


in the formula $= —.— it will give the time of the ſhot's 
flight before it touch the ground in the plane DF : then by 
ſubſtituting in the formula =D the known value of t, 


the extent of the range AK=D G==q will be found. For 
example, if K C=54 feet, the time t will be 56 parts of a 
ſecond ; and by ſubſtituting the values of c,, t in the for- 
mula, 9qz==760 feet. To ſtrike the ground then in the 
ſame plane DF at a greater diſtance, the gun muſt be 
elevated in proportion to the increaſe of diſtance ; ſhould the 
enemy be at G where the ſhot touches the ground at the 
firſt graze it will only ſtrike his feet ; to hit him in the breaſt 
the gun muſt be elevated. 

194. The more clearly to explain this theory, and enable 
others to apply it to the practice on ſeveral occaſions that 
occur on ſervice, the following table has been calculated : the 
gun and butt are ſuppoſed to be in the ſame plane, and from 
ne refiſtance of the air y=12 in a 321b. ſhot ; the wads are 
rammed with equal force and in the manner before expreſſed, 
(143 150) ; except in the quick firing, when none are 

ce * 
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195. Many practical inferences may be deduced from this 
e: 

t. Guns of the common length loaded with the me- 
dium charge ſhould be elevated half a degree above the 
horizon to range 340 yards, and 1* 20 to range 680 
yards ; the elevation muſt be greatly increaſed to range 
000 yards. The leſs the calibre of the gun is, the 
higher mult be the elevation, 

2. The elevation of ſhort guns fired with the leſs 
charges mult be greater than of guns of the common 
length to range the ſame diſtance. 

3. If a ſhort 4 pr. loaded with the leſs charge, range 
1000 yards, the line of deſcent is 278 feet; wherefore 
the ſhot's path being a curve of the fourth kind, it will 
do mach leſs execution in enfilading troops, than ſhot 
fired from guns of the common length whoſe path is a 

curve of the ſecond kind. | 
4+ The elevation of ſhort guns loaded with the leaſt 
charge increaſe in the ratio of the diſtance: thus the 
curve deſcribed by ſhot fired from 8 and 4 prs. to the 
diſtance of 1000 yards is of the fourth kind; from the 
angle of incidence they can be of no ſervice in enfilading, 
and are very uncertain : the angle of incidence { 168) at 
the diſtance of 1009 yards being much larger than the 
angle of elevation, if the ſhot fall on ſoft ground they 
bury themſelves at the firſt graze. 

5. Shot fired from ſhort guns with the leaſt charges 
and without wads, which range only 680 yards, alſo 
deſcribe a curve of the fourth kind; they are conſe- 
quently uſeleſs in enfilading, and their execution is 
uncerta'n. 

6. If to theſe reflections be added the conſideration, 
that in pointing ſhort guns the eye is more eafily de- 
ceived, from the proximity of the two points of fight, 
than in longer guns; and that in the latter the angle of 
elevation being leſs, the angle of incidence is leſs alſo; 
ſo that the ſnot on touching the ground riſe and from 
their richochet are very dangerous: it will be evident 
that to derive from the uſe of artillery the greateſt poſ- 
ſiole advantages, long guns ſhould ever be referred to 
ſhort ones of the ſame calibre. The good . reſult- 


ing from this will be more fully diſplayed in the ſequel. 
196. To 
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196. To form a compariſon of the effects that ſhot of 
different diameters with different initial velocities produce at 
different diſtances on a body of troops; they muit be 
conſidered as a homogenous butt: then the formula S D 
(183) will give the relative penetrations. The abſolute 
number of men that a (hot with a given initial velocity will 
paſs through may be determined by experiment, 

The relative penetrations in the following table have been 
calculated on a ſuppoſition that from the reſiſtance of the air 
lz in a 321b. ſhot, in order to compare together the 
number in this and the preceding table (183). The cal- 
culations are not carried beyond 680 yards, which is conſi- 
dered in field engagements as the greateſt diſtance that ſhot 
can range to, with a certainty of doing execution; in extra- 
ordinary caſes indeed, when the nature of the ground and 
the poſition of the enemy are very favourable (192), the 
range may be extended with tolerable ſucceſs, 


The relative Penetrations of Shot projected from different 
Diſtances with given initial Velocities. 


—— — 


Nature of Weight of 51 258] At At 

Guns, Powder. ES = go 340 | 680 
2 v 

Pre. Ibs. 0%. 12. 22 182 2 

Com- {'s 3 10+|1240|17571| 11878 | 850g 

mon 8 2 711265 14625| 9360 | 5743 

length, C 4 x 341283 11840| 6754 | 3479 

. 2 72120613329 83584919 

4 I 34 122210784 39332944 

Short J 8 1 104 978] 8746 48742450 

Guns. 4 — 131 978 6896 32301271 

8 : 675] 4110] 1738 427 

4 | wads 134 675| 3241| 1024| 251 


197. To reduce into numbers the relative penetrations 
inſcribed in the tables (183, 196), make the following or 
ſimilar experiment: with a charge that gives a knuwn initial 
velocity, fire a gun againſt a butt, and meaſure the penetra- 
tion of the ſhot : then place two horſes or other cheap 
animals cloſe to the ſame butt, and lay the gun fo that the 
ſhot after paſſing through the moſt ſolid parts of their bodies 

may 


| 
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may enter the butt : on meaſuring the penetration, it will be 
found leſs'than the former; and by comparing them together, 
the number of horſes that a ſhot of a given diameter, with 
the ſame initial velocity, could paſs through, may be aſcer- 
tained, On comparing the reſiitance of a horſe's, with that 
of a man's body, the number of men that the ſame ſhot 
would paſs through may be ealily ca, culated. An lb. 
ſhot, with an initial velocity of 1450 feet, will paſs through 
20 horſes; and in this table it is preſumed on tulerably juſt 
grounds, that the fame ſhot would pafs trough douvle the 
number of men, even if it itruck the molt ſolid parts of their 
bodies; the number therefore that may be iiruck in leſs re- 
fiſting parts of the body and dilabled mult be greater, and 
may even exceed twice the number of the former. The table 
has been deduced from the former proportions (183, 196). 


Number of Men that can be pierced by Shot projected from 
diftereat Diſtances with given Iniual Velocities. 


S 128 
Nature of Weight of 2 2 235 2G 
Guns. — 28 Sv GP | SP 
8 5 A 48 
No | No Ns. 
- lbs. oz Feet. | Men., Men, | Men, 
2 13 2 | 1517 | 70 | 55 | 44 
| 76 * 1618 63 48 36 
218 4 144 | 1696 | 55 | 39 | 28 
— 4 2 71 720 45 30 | 19 
+ 32 9 13z | 1359 | $5 | 43 | 32 
8 ? 16 4 14+ | 1416 | 48 | 35 | 25 
218 3 4+ | 1450 | 40 | 28 | 18 
14 x 10 f | 1467 | 33 | 20 | 12 
8 16 3 10411240 | 36 | 24 * 
| 8 2 7141265 31 | 20 1 
1 1 3+ | 1283 | 25 | 14 
* 8 2 7112062818 11 
S | 4 1 3+ | 1222 | 23 | 13 7 
"FE SF x 104+ | 978 | 19 | 10 5 
t | 4 — 131 978 [15] 7 | 3 
2] 8 Without f x 104] 675] 9] 3#| x 
OL4 wads. | — 134 | 675| ZL 2 [A 
198. Several 


or PROJECTILES, 203 


198. Several inferences of great practical utility may be 
drawn from this table: 

1. Guns of large calibre fired at very ſhort diſtances, 
with the large or even the medium charges againſt a 
corps of troops expoſed to be enfiladed, will cauſe much 
more ſlaughter than 8 or 4 prs. eſpecially if ſhort with 
the leaſt charges. 

2. The relative effects of guns of different natures 
increaſe in the ratio of the diſtances; and there is greater 
difference berween the calibres of the guns and the 
charges of powder. 

3- Guns ſhould never be fired without wads, except 
in particular caſes, and when the enemy is very cloſe. 
Thus when 4 prs. or ſhort guns compoſe a field train, 
it is not becauſe they are equal in their effects to longer 
guns of large calibre, but only becauſe heavier guns 
cannot be tranſported with the ſame facility. When 
part of an army is to remain on the defenſive in a fixed 
poſt, the ſame arguments will evince the propriety of 
giving the preference to longer guns of large calibre. 

199. It the enemy troops be drawn up three or four deep, 
the effects of an oblique fire will be greater in proportion 
as the angle of incidence on their front is more acute; ſince 
the reſiſtance not being ſufficient to turn the ſhot, it will 
penetrate in the direction in which it impinges. On the 
contrary, the effect will be leſs, the nearer the angle of iuci- 
dence approaches to a right angle; ſince it will then only 
deſtroy a ſingle file, whatever be its diameter or initial velocity. 
In this caſe, if the two armies be within reach of muſquet 
ſhot, the ſituation of the artillery-men will be very perilous: 
for eight paces at leaſt muſt be left between every two guns, 
to give the men room to work them; each gun is then ex- 
poſed to the fire of eight file of muſqueteers; or in other 
words, each artillery-man to the fire of three or four muſ- 
quets. Thus at a ſingle diſcharge, all the artillery men may 
be killed or wounded ; while one round from each gun can 
only carry off a ſingle file of the enemy: when halt of the 
artillery-men are wounded, the gun muſt ceaſe firing ; but 
the fire of the muſquetry will be inceſſantly kept up, in pro- 
portion to the number of men that remain. 

200. The fluid generated in a piece of ordnance is ſo much 
the more abundant and elaſtic, as the body it muſt impel 
towards the muzzle is heavier ( Treatiſe on Powder). 

Whence 


— — 7. 
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Whence it is eaſy to conceive ; that in putting two ſhots 
into a gun, the velocity of each mult neceſſarily exceed half 
of the velocity that one ſhot with the ſame charge would 
acquire; and the quantity of motion of the ſingle ſhot is 
leſs than the ſum of the quantities of motion of the two thot : 
but in aſcertaining the effects of the three ſhot, their force 
after paſſing through the men and horſes being ſuppoſed to be 
entirely ſpent, the equation S= "? 4* which expreſſes the eſſects 
of one ſhot muſt be changed; and to make up the exceſs, 
the initial velocity of each of the other two ſhot muſt exceed 


xy +; and each ſhould ſtrike a ſeparate file. The pro- 
portion between the initial velocity acquired by one ſhot tired 
fingly, and that acquired by each when two ſhot are fired 
together with equal charges, can only be determined by ex- 
periment, as it changes whenever the charge is altered; but 
it may be remarked, that in practice the velocity of each of 


the two ſhot is leſs than » : wherefore the expedient of 
putting two ſhot into a gun can be only advantageous when 
the enemy is drawn up in ſuch a manner, that each ſhot 
has ſufficient velocity to carry off a file. For example, ſup- 
poſe the enemy be drawn up eighteen deep, and each of two 
ſhot fired together from an 8 pr. could ſtrike a ſeparate file 
with an initial velocity of 978 feet, each of them would de- 
ſtroy 18 men (197) : under this ſuppoſition there would be 
36 men deftroyed by the two ſhot ; while a ſhot of the ſame 
diameter, fired fingly with an initial velocity of 1450 feet, 
could deſtroy only 18 men ; then its remaining velocity ſuffi- 
cient to deſtroy 20 more would be uſeleſs, 


CHAP. V. 


Or TR Errtcrts or Case OR GRAE SHOT IN 
ENGAGEMENTS. 


201. Turgr are ſeveral kinds of ſhot that come under 
this head : one is formed of ſmall pieces of iron of different 
ſhapes and ſizes put into cylinders of tin or paſteboard ; the 


- baſes of which are cloſed by two circular pieces of wood. 
x A ſecond 


N 
| 
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A ſecond called caſe ſhot, is compoſed of ſmall iron balls put 
into tin cylinders; or regularly diſpoſed in linen bags faſtened 
to a wooden bottom, in the middle of which is a ſpindle, 
and wound round with cord or wire; the latter preſent the 
appearance of a bunch of grapes, and are called grape ſhot, 
J he firſt kind is generally uſed in the defence of places; 
and fired from the low flanks, where in ſpite of their diver- 
gence they are uſetul in ſcouring the ditches and counter- 
ſcarps: the reſiſtance of the air, from the irregularity of their 
figure, renders them in effect more uncertain than ſpherical 
mot; but as the objects againſt which they are fired are 
always very near, they have force enough to do execution. 
The ſecond kind is generally deſigned for field ſervice, as 
the balls diverge leſs, and, from their "ſpherical figure en- 
countering leſs reſiſtance in the air, range farther. 

202. In the late wars, our trains of artillery were formed 
of medium q prs. (64) : the caſe- ſhot for theſe guns contained 
63 or 64 leaden bullets, each weighing 4 of an ounce} the 
whula weighed nearly as much as a round ſhot of the ſame 
diameter. In order to aſcertain their effects, the officers of 
artillery in 1743 made the following experiments : a 4 pr. 
was tied againſt a target of plank 80 feet in length by 10 
in height, erected on the ſame horizontal plane with the gunz 
ſo that ſome of the balls after grazing roſe and ſtruck the 
target: caſe and grape ſhot were fired, but no difference in 
their effects was perceptible. In the firſt experiments, the 
charge was 1 lb. 100z. of powder, and over the wad, 
which was well rammed, was placed the caſe: at the diſ- 
tance of 200 yards, only 3 or 4 balls ſtruck the target. 
The gun being moved 30 yards nearer, g or 10 balls ſtruck. 
it; but the greater part did not go through the planks, 
which were an inch thick: thoſe that ſtruck were partly 
melted, and two or three were found in different places 
ſticking together. At the ſecond experiment, the caſe was 
placed immediately over the powder and a wad rammed over 
the whole: at the diſtance of 170 yards very few of the 
balls went through the planks, though the report of the ex- 
ploſion was as loud as at the former experiment; others had 
not force enough to enter, and thoſe that ſtruck were much 


more liquefied than before; 4 or 5, and at one time 15 


were found ſticking ſo cloſely together as to form a lump of 
lead. At other experiments, when the caſe was placed over 
the 
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the powder without a wad, the balls at 170 yards ſtruck 
the target with rather more force, and were not liquefied, 
though the report at the diſcharge was more feeble than at 
the ſecond experiment. At each round, the number of balls 
that ſtruck the target was hetween + and + of the whole; 
and & or 5 of theſe ſtruck it below a horizontal line drawn 
5 feet from the ground. The greateſt divergence of the 
balls at this diſtance was 69 feet, but frequently not more 
than 33. 

— Some rounds being fired from the ſame gun at 170 
yards, with 14 lb. of powder ; the number of balls that ſtruck 
the target was between 4 and gj of the whole, but their force 
was leis: in theſe, as in the former experiments, a wad was 
rammed over the powder; in the ſecond, a wad over 
the whole; and in the third no wad was uſed. Two caſes 
being put into a gun and fired together, the number of balls 
that ſtruck the target was between ; and + of the whole 
number in the two caſes; many of thoſe that touched the 
target had not force enough to penetrate. The gun being 
removed to 200 yards and fired again with two caſes, about 
xs of the balls ſtruck the target, but with much leſs force. 

204. It reſults from theſe experiments (202, 2953) : 

1. That caſe-ſhot of this nature ſhould never be 
fired at a greater diſtance than 200 yards, againſt objects 
not exceeding 10 feet in height, 

2. A wad ſhould be put between the powder and caſe; 
but as ſometimes in quick firings this muſt be dif- 
penſed with, the balls will yet have force enough at 
200 yards to wound 2 man. | 

3. That the greateſt poſſible effect of caſe ſhot is 
when fired againſt an enemy drawn up in form of a 
vaſt amphitheatre between 170 and 200 yards diſtant, 
38 two caſes into the piece and uſing the leſs 
charges of powder. 

4. That with one caſe, 6 or 7 men of the front 
rank may be ſtruck at 170 yards; and ſtill a greater 
number when two caſes are put into the gun : when 
advanced nearer to the enemy, the balls will paſs 
through the bodies of the men in the front rank and 
wound thoſe in the rear. | 

5. That the firing with caſe ſhot ſhould commence 
at 170 yards in order to acquire a ſuperiority over the 
enemy's muſquetry ; the effect of platoon firing - that 

| ance 
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diſtance is uncertain, while caſe ſhot fired with judge- 
ment will ſtrike at each round a certain number of 
men. 

At other experiments (202, 203) with caſe ſhot com- 
poſed of iron balls 10z. in weight, the whole caſe 
weighing as much as the round ſhot of the ſame dia- 
meter; it reſulted that at 200 yards, 3 or 4 balls ſtruck 
the target, and at 170 yards 8 or 10 ſtruck it; the 
force of theſe balls ſeem to exceed that of the leaden 
bullets. 

205. Theſe concluſions agree with what has been ad- 
vanced on the ſame ſubject, in the practice of artillery and 
the elements of tactics, It will be ſhewn in the ſequel, that 
greater advantages may be derived from the uſe of field pieces 
than has been hitherto done, in conſtantly maintaining a de- 
cided ſuperiority of fire over infantry drawn up in front 
of the guns (199) through the uſe of tin cylinders filled with 
iron balls weighing more than x oz. 

To aſcertain this, the force and direction with which each 
ball is impelled, and the proper elevation for the piece ſhould 
be conſidered : the two following tables will give a juſt idea 
of their force; in the firſt are ſet down the relative penetra- 
tions calculated (183) on a ſuppoſition that the initial ve- 
locity is 1450 feet, and that from the reſiſtance of the air to a 
32 Ib. ſhot = 12, in order to form a compariſon between 
theſe and the former tables (183, 196) : in the ſecond are 
marked the reſults of the former experiments (197) and the 
penetrations inſcribed in the firſt table are a to abſolute 
numbers. 


TABLE 


208 


% 


OF PROJECTILES, 
Relative penetrations of iron caſe ſhot. 
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206. From theſe premiſes (190, 191, 192) it may be 


inferred. 
| 1. That when balls of which caſe ſhot are compoſed 


weigh 13 0z. each, every ball can pierce a file of 20 
men, when fired very cloſe ; and 4 men at the diſtance 


of 680 yards, 


If each ball weigh 6+ oz. it can pierce 


16 men when very near; 10 at 170 yards; 3 or 4 at 


510 yards; and one only at 680 yards. 


If each ball 


weigh 1 0z. it can pierce 4 men at 170 yards; and mor- 
tally wound 1 man at 340 yards; the latter is expreſſed 


by 
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by the fraction +; the ſame ball at the diſtance of 686 
ards will hardly make a contuſion, which is expreſſed 
by the fraction 377+ 

2. Balls of 1 0z. at 170 yards, thoſe of 31 oz, at 340 
yards, thoſe of 64 oz. at 510 yards, and thoſe of 1302, 
at 680 yards, produce the ſame effect; viz. of deſtroy- 
ing 4 men; which evinces the propriety of uſing cy- 
linders filled with large balls for great diſtances, and 
with the ſmaller balls for ſhort diſtances, 

3- On comparing the numbers in the two tables 
(197, 205), we find that an 81b, ſhot, with an initial 
velocity of 1450 feet, will paſs through a file of 40 men 
when fired very cloſe to them; 28 at the diſtance of 
340 yards, and 18 at the diſtance of 680 yards: while 
a 64 0z. ball will only deſtroy 16 men when very near, 6 
at the diſtance of 340 yards, and 1 man at 680 yards; ſo 
that with caſe-ſhot of this nature, if 5 balls ſtrike 5 ſepa- 
rate files, the effects when very near will be 16 x 5=80 
men deſtroyed, 6 x 5=30 men at 340 yards, and 5 only 
at 680 yards. Hence it reſults, that the effects of caſe 


ſhot fired under ſimilar circumſtances, are greater than 


of round ſhot of equal diameter, when the diſtance does 
not exceed 340 yards ; but at 680 yards round ſhot have 
a decided advantage. 

207. Theſe remarks (205, 206) are applicable to every 
caſe that can occur, allowance being made for the difference 
of the initial velocities ; wherefore the effect of the initial 
velocity on caſe ſhot impelled with a given charge of powder 
ſhould be aſcertained, It has. been found experimentally, 
that when the balls are regularly arranged in the tin cylinder 
in the manner that will be hereafter pointed out, and are 
equal in weight and diameter to the correſponding round ſhot, 
the greater part of them are impelled with the ſame initial 
velocity as the round ſhot, but the remainder with leſs ; 
provided the charges be equal. This refult is conſtant ; 
hence the effects of caſe ſhot fired from different diſtances 
with different charges of powder may be determined with 
ſufficient accuracy tor practice (205). ; 

208. In firing caſe ſhot, the balls are obſerved at firſt ta 
take a diverging direction, and for a certain diſtance to form a 
kind of a cone ; the baſe of which is towards the object fired 
at, and the vertex towards the gun. 

It is impoſſible from theory alone to determine the di- 

| 13 rection 
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region that each ball takes after the caſe is broken ;' fince 
the contact of the balls and their reciprocal preſſures at the dif- 
charge and at the commencement of their divergence ate un- 
known: It muſt then as far as poſlible be afcertained experi- 
mentally. | 
Experiments made with the greateſt attention have given 
the following reſults ; 

1. The conical figure is preſerved for a certain di- 
ſtance; after which it is entirely loſt. 

2. The proportion between the formation of the con: 
and the point where it begins to loſe the regularity of its 
figure depends on the fize of the balls, and their initial 
velocity: the diſtance will be leſs in proportion as the 
balls are ſmaller, or their initial velocity leſs, 

3- At equal diſtances, balls impelled from guns of 
the common length diverge much leſs than balls of the 
ſame weight and diameter impelled from ſhorter guns 
with the ſame charge. This muſt be a familiar remark 
to ſportſmen who have uſed fowling pieces of different 
lengths. X 

4+ When the balls are ranged in the cylinder in regular 
order, they diverge much leſs than when put in careleſs- 
ly; thoſe of 13, 64 and 34 oz. may be regularly diſpoſed 
in tin caſes of the diameter of 16, 8, and 4 prs. ; and 
ſuch only will be in future conſidered : 1 0z. balls 
ſhould be diſpoſed in the cylinder in the moſt conve- 
— manner, and fired at any diſtance leſs than 220 

ards. 
, 5. From certain diſtances a greater number of men 
may be ſtruck by caſe than by round ſhot, if the gun 
be properly laid. 

209. The angle that the axis of the gun ſhould form with 
the horizon 1s determined (165, 166) on a ſuppoſition that 
the balls in the tin caſe are impelled in the direction of the 
axis, which is not always juſt; as they ſometimes quit the 
caſe under different angles. The leaſt error in loading or 
pointing a gun may render a round ſhot of no effect, but be 
of little conſequence in firing with caſe ſhot, 

210. In order to ſhew in one part of view the moſt inte- 
reſting particulars in the uſe of cafe ſhot, the following table 
has been calculated; the initial velocities of a 32 lb. ſhot 
are ſuppoſed to be 1450 and 1206 feet, and r= 12 for the re- 
ſiſtance of the air, to enable the reader to compare it with 
the former tables, 
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211. From this compariſon the following prac ical infe- 
rences may be drawn ; 

1. Balls of 34 o. that with am initial velocitiy of 1450 
feet range 680 yards, deſcribe a curve of the ſecond 
kind; the remaining force at that diſtance may be ex- 
preſſed by the fraction 535 ; but it is injudicious to fire 
caſe ſhot of this nature at ſuch a diſtance, as their exe- 
cution is trifling : 1 0z. balls ought never to range 680 
yards, as they deſcrite a curve of the fourth kind, and 
are totally uſeleſs in enfilading ; their remaining force ' 
may be expreſſed by the fraction gi and is hardly 
ſenſible. 

2 Balls of 340z. that with an initial velocity of 
1450 feet range 510 yards, deſcribe a curve of the ſecond 
kind, and may be of ſervice in enfilading ; but as they 
can deſtroy only one or two men, this is the greateſt 
diſtance at which they ſhould be fired: as to 1 oz. balls, 
though at 510 yards their curve is of the ſecond kind, yet 
as the expreſſion of their force is 3, the diſtance is too 
great: 340 yards ſhould be their longeſt range, the 
expreſſion of each ball is then 4. 

3. As a ball of 64 oz. with an initial velocity of 1450 
feet can only deſtroy one man at 680 yards, it ſhould be 
conſidered as the greateſt diſtance ; though from the 
nature of the curve, it might ſtill be uſeful in enfila- 
ding. 

A ball of 1302. with the ſame velocity and at the 
ſamediſtance will deſtroy a tile of 3 or 4 men. 

4. When the initial velocity is 1206 feet, the cur- 
vature of the lines of deicent is greater than when it is 
1450 feet; conſequently caſe ſhot with the former velo- 
city are leſs proper for enfilading : they ſhould only be 
uſed at ſhort diſtances, in proportion to the difference 
between the actual velocity and 1450 feet. 

5. A ſmall charge of powder can only have the 
ſame effects as a large one, when the enemy is drawn 
up 3 or 4 deep, and fo cloſe that a ſingle ball can 2 
off a whole file: the ſame obſervation holds good with 
reſpect to ſhort guns, ſince from the initial velocity 
(151) their range is ſhort. + 

6. The number of balls that, with velocities equal 
fo or leſs than thoſe above mentioned, will ſtrike an 
object of certain dimenſions at a given diſtance, — 

only 


OF PROJECTILES. 213. 


only be determined by experiment; ſince it is impoſ= 
ſible to aſcertain the particular direction of each ball. 
212. The reſults ot the preceding theory (205), whether 
the reſiſtance uf the air be conſidered as r=12 or of any 
other determinate value, will never exactly coincide with 
practice ; ſince the abſolute effects of caſe ſhot cannot ,be 
aſſigned; but only a proportion eſtabliſhed between the greateſt 
and leaſt effects: wheretore artilleriſts, to uſe caſe ſhot from 
field pieces to the beſt advantage, ſhould attend to the follow- 
ing particulars, 

1. For 16 prs. there are four kinds of caſe ſhot : 
the firſt, compoſed of 16 balls of 1302. is never fired 
with the medium charge above 680 yards againſt an 
enemy drawn up 3 or 4 deep; when they are diſpoſed 
in deeper order, the diſtance ſhould be leſs (206, No. 3): 
the ſecond kind is compoſed of 32 balls of 640z. and 0 
its greateſt range is 510 yards, when the enemy is diſ= - 
poſed in few ranks : the longeſt range of the third kind 
compoſed of 64 balls of 34 oz. is 340 yards: the range 
of the fourth kind compoſed of 192 balls of x oz. ſhould 
never exceed 220 yards. 

2. There are 2 kinds of caſe ſhot for 8 prs. : the firſt . 
contains 16 balls of 64 oz. and may with the medium 
charged be fired at the diſtance of 510 yards: the ſecond 
contains 32 balls of 34 oz. its range ſhould not exceed 
340 yards: the third contains 96 balls of x oz. and 
may range 220 yards. 

3. For 4 prs. there are but two kinds of caſe ſhot : 
the firſt contains 16 balls of 34 oz. and its range with 
the medium charge ſhould not exceed 340 yards : the 
ſecond contains 48 balls of 1 oz. and its greateſt range 
ſhould be 220 yards. _ | 

4+ The number of balls in a 16 pr. caſe being double 
the number of balls of the ſame diameter in an 8 pr. caſe, 
if the two guns be fired from the ſame diſtance with the 
ſame initial velocity, the effect of the 16 pr. ſhould be 
double that of the 8 pr. and the effects of an 8 pr. ſhould 
be double that of a 4 pr. under the ſame circumſtances; 

ns of large calibre alſo ranging farther, there will be 
ill a ſtronger reaſon for preferring them to guns of 
ſmaller calibre, whenever the nature of the ground and of 
the ſervice admits of it. If caſe ſhot be fired from a 16 pr, 
with an initial velocity leſs by 4 than the initial velocity 
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of caſe ſhot containing balls of equal diameter fired 
from an 8 pr. and the diſtances be equal; the effects 
of the 16 pr. will in certain caſes be greater than the 
effects of the 8 pr.; for the ſame reaſon, the ſhort 8 pr. 
(66) is ſometimes to be preterred to the common 4 pr. 
as in the inſtance of the enemy being "formed on 
ſloping ground in figure of an amphitheatre, (as hap- 
pens in mountainous countries) and very near the bat- 
tery ; the 8 pr. caſe containing double the number of 
balls that the 4 pr. caſe does, will do more execution. 

5. By increaſing the number of balls in the caſe, the 
initial velocity, and of courſe the effect of each is 
ſenſibly diminiſhed. When fired againſt troops diſpoſed 
in very deep order (200) on an amphitheatre of hills, 
and very near the battery, the greater the number of 
balls is, the greater the flaughter will be; and as in 


this inſtance, two caſes may be put into the gun at the 


ſame time, it will be ſufficient if the weight of each be 
equal ro that of the round ſhot. * 

6. When the enemy is drawn up in very deep order, 
the medium charge of powder ſhould be preferred to 
the leſs, both with round and caſe ſhot ; the diſtance at 
which each nature of ſhot ſhould be uſed will be beſt de- 
termined by recur:ing to the preceding theory (206, No. 
3), and the reſulis of former experiments (211 No. 6). 

7. If it be neceſſary in the courſe of a campaign 
to place ſome 32 prs. in a fixed poſt, five kinds of caſe 
ſhot ſhould be prepared for them : the firſt with 16 
balls of 260z. to range 850 yards: the ſecond with 
32 balls of 13 0z. the third with 64 balls of 64 oz. the 
tourth with 128 balls of 34 oz. the fifth with 384 balls 
of 1 oz. the four laſt may be fired under the reffrictions 
already laid down. The two former may be of excel- 
lent ſervice in the defence of places at the opening of 
the trenches; but as the balls ſpread very much, they 
ſhould be uſed with caution, leſt they hurt the detach- 


ments of the garriſon poſted in the advanced works. 
213. Balls of hammered iron are the beſt for caſe- ſnot; 


but, 


if from motives of cxconomy they be made of caſt iron, 


the metal ſhould be of a hard and tenacious quality, or they 


will 


break to pieces at the exploſion : the number that h 


increaſe in proportion to the augmentation of the charge. 
Each ſhot therefore before it is put into the caſe, _—_—_ 


pl 
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aced upon an anvil, and receive a ſmart blow from a heavy 
ammer ; if ſtand this proof, they are fit for ſervice, 
The cylinder of tin ſhould be of the ſame diameter as the 
correſponding round ſhot; one end is cloſed by a wooden 
cylinder 14 or 14 inch thick, on which the firſt row of balls is 
regularly placed, putting into the interſtices ſmall pieces of 
wood to keep them firm: the balls of the ſecond row are 
placed over the interſtices of the firſt, and each row is fixed 
with chips or ſomething of that kind to prevent their moving, 
when the ammunition waggons paſs over rough and ſtony 
roads ; which might break the cylinder or deform it, ſo that 
it would not enter the gun. All the rows of balls being 
thus diſpoſed, the top of the cylinder is cioſed by a cylindri- 
cat piece of wood + an inch thick, nailed to the tin, and 
marked ſo as to be eaſily diſtinguiſhed from the baſe; and on 


the top is marked the diameter of the balls contained in tho 4 


caſe, that the artillery men may make no miſtake in the na- 
ture of the caſe-ſhot, or in the manner of placing it in the gun. 
If maſtic be uſed inſtead of chips, to fix the balls in the 
caſe, its tenacity will increaſe the force of the powder and 
the balls will diverge leſs. The beſt maſtic for this purpoſe 
is made of melted pitch and powdered marble: but the quan- 
tity ſhould be proportioned to the force of the charge; for if 
it be of ſuch tenacity that the caſe reaches the object before 
it breaks, or breaks very cloſe to it; all the advantage ariſing 
from the proper divergence of the balls would be loſt; the 
effect of theſe projectiles being evidently as much diminiſhed 
by too little as by too great divergence (190). 
214. To derive from artillery in field engagements the 
_ advantages (212), the following rules ſhould be ad- 
ered to: 
| 1. Brigades of the heavieſt guns in the army ſhould 
be poſted at the points whence it is propoſed to make 
the greateſt efforts againſt the enemy, or where the 
briſkeſt attack on their part may be expected: and the 
guns, of ſmaller calibre placed fo as to favour the princi- 
pal attacks and diſtract the enemy's attention, 

2. In poſting 1 <rY of artillery in a defenſive ſitua- 
tion, a parapet, ditch, hedge, palliſadoe, chevaux de 
frize, or other obſtacle, ſhould be placed before-them, to 
keep the enemy in check; in caſe they advance with 
fixed bayonets. 

3. There ſhould be to each brigade a reſerve of artil- 
94 lery 
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lery men covered by an epaulment or the ammunition 
waggons, to replace without loſs of time any that may be 
killed or wounded. If it be judged expedient to draw 
up an army in two lines, that the troops of the ſecond 
line may in caſe of neceſſity be brought forwards to 
replace thoſe in the firſt ; with equal reaſon ſhould the 
number of artillery-men be ſufficient to keep up the 
fire from the cannon with proper vivacity during the 
whole engagement, in ſpite of any loſs that may be ſuſ- 
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215. In the laſt century, guns from 6 to 5 feet in length 
were uſed to project ſtones, caſe ſhot, &c. from beſieged 
places: the ſhortneſs of theſe guns and the largeneſs of their 
calibre generally adapted to a ſhot of 24 lbs. gave riſe to the 
idea of the howitzer ; the proportions of which vary among 
different nations, according to the ſeverat uſes for which they 
are intended. The longeſt howitzers I ever ſaw were 6 
diameters of the muzzle in length of bore, with a cylindrical 
chamber capable of containing 1 1b. 10 oz. of powder : the 
bore of the ſhorteſt was 4 diameters of the muzzle in length, 
with a cylindric chamber containing 1 lb. of powder. The 
long ones were uſed in the imperial army which Prince Eu- 

ene of Savoy commanded againſt the Turks, and the ſhells 
Fred from them are ſaid to have cauſed great deſtruction and 
diſmay among the Ottoman cavalry: On the other hand, 
the predilection for this ſpecies of ordnance was much abated 
at the battle of Gua/7alla, fought on the 19th of September 
1734; where our cavalry of the left wing was neither diſ- 
ordered nor hurt by the n of ſhells fired by the enemy, 
but made ſeveral charges with great effect. As the Ottoman 
cavalry | mags charge in an irregular, defultory manner, 
they preſent a much larger object than our cavalry drawn up 
two or three deep with cloſe files; being therefore very much 
expoſed, the exploſion of the ſhells will be more de uctive 
among them, than in the regular movements and diſpofitions 
practiſed by us. Whatever may be the reaſon of this diffe- 


rence, we wilt only conſider the phyfical effects of * 
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tiles impelled from a howitzer 6 diameters of the muz-' 
ele in length of bore, and compare them with thoſe of 
the 8 pr. (183), in order to aſcertain the diſorder that each 
of theſe pieces can ſeverally produce among a — of troops: 
leaving it to others to diſcuſs the moral effects reſulting trom 
the uſe of howitzer ſhells, which have by many authors 
been ſuppoſed to be very great: a diſquiſition totally foreign to 
our purpoſe, as the abſolute conſequences can neither be cal- 
culated nor depended on; for it has happened more than 
once, that troops, which had at the beginning of an en- 
t been thrown into diſorder by the fire of artillery, 
ave at length recovered themſelves ſo far as to deſpiſe the 
former object of their fear, on finding that their apprehenſions 
had greatly magnified the effects of theſe ſeemingly terrific 
machines. 

216. A Hell is fired from a howitzer with a view of de- 

ing the enemy both by its ſhock, and exploſion on burſting: - 
its greateſt effects are when, having enfiladed a body of 
troops and being quite ſpent in ſtriking men or other objects, 
it burſts in the midſt of thoſe that remain. To convey 2 
juſt idea of the compariſon we propoſe drawing; let the how- 
itzer be equal in length of bore to an 8 pr. of common length, 
and let them both be loaded with 34 lb. of powder: the 
elaſtic fluid on quitting the chamber of the howizer di- 
lates towards the chace, and exerts againſt the ſhell lefs 
preſſure, than the ſame quantity of fluid generated in the gun 
exerts againſt the ſhot ; conſequently us initial velocity is 
leſs. As a howitzer 6 diameters of the muzzle in length of 
bore is only half as long as an 8 pr. and as the largeſt char 
for throwing a ſhell 16 lbs. in weight is 1 Ib. 10 0z, of powder 
(215), this projectile muſt have a much lefs initial velocity 
than an 81b. ſhot impelled by 34 lbs of powder, with the 
wads well rammed. The initial velocity and the ſpecific 
gravity of the ſhell being leſs than thoſe of the ſhot, the air's 
reſiſtance will be greater; and conſequently its penetrations | 
into the ſame butt will be leſs. 

217. There are two methods of aſcertaining the effects of 
— ſhells: the firſt is, by firing againſt a butt at dif- 
erent elevations and diſtances, and comparing the penetra- 
tions of the ſhelt with thoſe of a ſhot fired from an 8 pr, 
The refult will expreſs the proportion between the effects of 

the two projectiles, though the hole m. de by the howitzer 
ſhell will be much larger than that made by the ſhot : — 
velocity 
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velocity with which the ſhell impinges on the butt and its 
ſpecific gravit bein leſs than thoſe of the ſhot, the penetra- 
tions, provided the butt be of a proper conſiſtence, will be leſs 
than would reſult from the formula FS 2 D (182). 

The ſecond mechod, is to find the initial velocity of the 
ſhell fired at different elevations ( 167.) | 

As the difference between the elevations and the cor 
reſponding velocities will be greater in the ſhe!l than in the 
ſhot; it will be neceſſary, after having aſcertained the initial 
velocity and the value of r= the reſiſtance of the air, to find 
the remaining velocity = V and ſubſtitute its vaiue in che jor- 
mula D «*, in order to obtain the penetrations of the ſhell 
ſuppoſing it to be ſolid : but as its weight is leſs than the 
ſpecific gravity of a ſphcre of ſolid iron of the ſame diameter, 
the expreſſion Du muſt be diminiſhed in the ratio of its 
actual weight to its weight when ſolid ; which will then nearly 
give the abſolute penetration to be compared with that of 
the ſhot. 

218. Theſe experiments having been made with a 5+ inch 
howitzer and  -- 12 for the reſiſtance of the air to a 32 1b. ſhot, 
the remaining velacities of the ſhell fired with proper eleva- 
tion to ſtrike the butt at the different diſtances are inſerted in 
the following table, and alſo the correſponding relative pene- 
trations, ſuppoſing the ſhell to be ſolid and the butt eaſily pe- 
netrable. 


Relative 
The velocity with which the ſhell impinges. penetrations. 
Yards. Feet, Wat.” | 
Shell fired cloſe to the butt 472 54 * 472 


At the diſtance of 340 364 54 x 364* 
At the diſtance of 680 286 - 5+ x 286* 


The weight of the howitzer ſhell being to a ſolid ſphere 
of iron of the ſame diameter as 7 to 10, the above penetra- 
tions will be reduced to 25 and will be as follows: | 


Relative 
\ penetrations. 
Yards, | 
Shell fired cloſe to the butt 2359 
At the diſtance of — 1404 
At the diſtance of 200 — 8 


* 
On 
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On comparing theſe penetrations with thoſe of the g; Ib. 
thot (183) the number of men in file that the ſhell can paſs 
through from the different diſtances will be found in raund 


numbers. | 
Number of men 
deſtroyed by a ſhell, 
Yards. 
Fired cloſe to them — 5 
At the diſtance of 340 — 3 


At the diſtance of 680 — 2 


219. To derive from the howitzer ſhell the fulleſt effects, 
it ſhould burſt in the midſt of a body of troops, and its power 
of movement be quite exhauſted in paſſing through the ob- 
ſtacles it meets with before it burſt. 

To determine the effects of the ſplinters, let ſome how- 
itzer ſhells burſt in the midſt of a number of dead animals 
and their effects be carefully obferved. The reſult in general 
will prove that the ſplinters of a ſhell will not paſs through 
the thickeſt parts of a man's body; and if it burſt > ak 
mid of a number of men, not more than four of thoſe 
neareſt to it will be wounded: by adding to the poſſible 
effects of the ſhock (218) thoſe of the ſplinters, we ſhall aſ- 
— 1 many men can be killed or wounded by a how- 
itzer ſhell. N 


Number of men killed or wounded. 
By the ſhock By the ſhock 
alone. and ſplinters. 
Yards; 
Fired cloſe to them 5 — 9 
At the diſtance of 340 3 — 
At the diſtance f 680 2 — 2 


The number of men wounded and diſabled will be greater, 
if the leaſt reſiſting parts of the body be ſtruck; as was re- 
marked in the caſe of cannon ſhot. 

220. On comparing the effects of a ſhell and ſhot (197), 
it is apparent that in reſpe& to the ſhocks alone, not onl 
common 8 prs. but even ſhort guns fired with the 1 
charge are more deſtructive than the howitzer ; and that the 
only advantage the latter has over them is when the ſhell 
burſts at 680 yards. A howitzer ſhell fired againſt the front 
of an army will ſeldom range 680 yards; and even then 
it is mere chance, if it burſt in the midſt of a body of men: 
ſhould not this happen, or ſhould it by accident break 1 — 

' | a ſtone 
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a ſtone, or the fue be extinguiſhed by falling into foft 
— its effects will by no means equal the effects of the 


221. The remarks on the penetrations of ſhells compared 
to ſhot will preciſely apply to the length of their reſpective 
richochets. That the firſt graze of the ſhell and ſhot may 
be at the ſame diſtance, the howitzer muli be more elevated 
than the gun; the {hell conſequently will not fo eaſily reach 
its deſtination, the angle of incidence being leſs acute its 
force will be more deadened by the fall, and its richochets 
ſhorter and fewer. 
222. To aſcertain the effects of a howitzer loaded with 

caſe ſhot equal in weight to the ſhell, it ſuffices to remark 
that the initial velocity of each ball is equal to the initial ve- 
locity of the ſhell (207): which being found by experiment, 
and a round of caſe ſhot fired at the ſame angle of eleva- 
tion, the penetrations of the balls may be eaſily determined 
— Suppoſe the balls be projected from different di- 

nces, then on comparing the relative penetrations with 
thoſe in the preceding table (205), or with others produced 
by velocities leſs than 1450 feet, it will give the ratio be- 
' tween the effects of caſe ſhot fired from a howitzer and a 
gun. The initial velocity of a ſhell fired horizontally or 
nearly ſo, is about 474 feet; the following will be the pene- 
trations of the caſe ſhot. 


Weight of balls, Very near the butt. At the diſſance of 


0Z. 170 yards. 
64 — 803 — 138 
8 — 64⁰ — 59 
I a 444 _ 6 


On comparing this with the former table (205), the pene- 
trations of balls projected from a howitzer placed cloſe to the 
butt, are to thoſe of balls of equal diameter impelied-from of 
a gun with an initial velocity of 1450 feet; as 803: 7580 ; or as 
10: 94 nearly: and at the diſtance of 170 yards, as 138: 
46243 or as 1: 33 nearly. 

223. But as the howitzer contains three times as many 
balls of the ſame diameter as the 8 pr. and 6 times as many 
as the 4 pr. this difference ſhould be likewiſe eſtimated. To 
this end, the relative fituation of the troops againſt which 

are fired muſt be conſidered, | 
uppoſe a howitzer and an 8 pr, to be on the ſame _ 
= 
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with the enemy and equally diſtant from them; the num- 
ber of men in the firſt rank ſtruck by the caſe ſhot from the 
howitzer and by that from the gun will be in the ratio of the 
baſes of«the two cones, that is leſs than 3:1; each man 
ſtruck by the howitzer, will be touched by more balls than 
one: but when the enemy is drawn up in very deep order, 
the caſe ſhot from the gun will make more havock, as from 
+ the greater velocity, it will pierce a whole file; and the 
greater the diſtance, the more will its effects exceed thoſe of the 
howitzer, on account of its greater remaining velocity V. To 
make the compariſon clearer, ſuppoſe circumſtances the moſt 
advantageous to the howitzer; viz. that at 170 yards, it 
ſtrikes triple the number of men; under this ſuppoſition, its 
greateſt effects will be to thoſe of the gun as 3x 138: 4642 : : 
1211. N | 

224. Again, if the enemy be drawn up on a riſing ground 
in form of an amphitheatre, and ſo near that each may 
ſtrike one man; the effects of the howitzer will be to the 
8 pr. as 8: x and to the 4 pr. as 6: 1: but if three rounds of 
cale ſhot be put at once into the 8 pr. it will regain its ſupe- 
riority, the number of balls being then equal, and the initial 
velocity of thoſe projected from the gun, being greater by 


* (200) than of thoſe projected from the howitzer; 


they will range farther and do more execution : the 8 pr. 
is therefore to be preferred. It was ſhewn in the former 
part of this work, that there is no danger of the gun burſt- 
ing, if 3 caſes be fired at the ſame time; and this has been 
fully confirmed by experience. On comparing a howitzer 
6 diameters of the muzzle in length of bore, and a com- 
mon 4 pr. charged with 1 lb. 100z. of powder; the latter, 
except when the enemy is very near and drawn up on an 
amphitheatre of bills, will be more deſtructive than the 
former. If the length of the howitzer be curtailed, . the dif- 
ference will be ftill greater. 

225. In conſtructing howitzers, that from the great ſize 
of the chambers may proje& ſhells with a greater initial ve- 
locity and from the increaſed diameter contain larger ſhells, 
the preceding reflections ſhould be had in view: the car- 
riage and the wheels, for inftance, ſhould be made ftrong 
enough to refiſt the greateſt efforts of a large quantity of 
powder. But when the ſhell is projected with twice the 
initial velocity ſuppoſed in the courſe of this compariſon, 
the howitzer will yet be inferior to the 8 pr. 


226. There 
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226. There are particular caſes however, where the how- 
Kzer may be very uſeful; as in the attack of poſts where the 
enemy is perfectly covered from cannon ſhot: the ſhells from 
the curve line that they deſcribe may then be of excellent 
ſervice ; or, in the attack of towns or villages, where large 
quantities of ſtraw, hay, faggots, or other combuſtible ma- 
terials are depoſited. Some pieces of port fire compoſition 
may be put into the ſhel}, which on burſting will commu- 


| Hicate the flame to every thing around: by theſe means, 


towns and magazines may be eaſily fet on fire. 

227. The howitzer may in the following caſes be uſeful 
in the attack and defence of places. 

| 1. In a fortified town, when the caſemates or capo- 
nieres are too narrow to admit guns of the com- 
mon length; howitzers are then preferable to ſhort 
ns of cylindric bore, as the exploſion of guns of 

ge calibre ſoon deſtroy the embrazures. 

2. To prevent as much as poſſible the inconveni- 
ences ariſing from the ſmoke in caſemates and capo- 
nieres, and yet be able to project caſe ſhot with the 
greateſt initial velocity; the howitzers may be length- 
ened if there be ſufficient room; this will in ſome mea- 
fure bring back the pierrier guns formerly in uſe. 

3. In the attack of places, ſome howitzers may be 
planted on the batteries deſigned to fire a richochet, to 
enfilade the covert way and its branches: eſſential ſervice 
will be derived from this mode of uſing them; ſince 
beſide the deſtruction they may cauſe among the be- 
fieged, they ſoon ſilence the fire of the infantry, and 
cover the workmen in carrying on the approaches, 
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Or SHELLS PROJECTED FROM MORTARS. 


228. Tris TEEN and 10 inch mortars are much 
uſed in ſieges: 15 inch mortars are now generally diſuſed ; 
as from their great weight when properly reinforced, and the 
ſize of their chambers, they were very difficult to work on 
the batteries: when the thickneſſes of metal are diminiſhed 
and the chambers reduced in ſize, their ranges are ſo much 
ſhortened, that the ſhells do not fall with more force — 
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thoſe projected from 13 inch mortars ; they are moreover 
very cumberſome and he. v 

229. The principal advantages to be derived from ſhells 
may be reduced to the three following ; 

1. In fieges, to diſmount the enemy's artillery and 
bombard cities. 

2. To ſet fire to and overthrow works, and produce 
havock and diſorder among troops. 8 

3. To break through the vaulted rodfs of barracks, 
magazines, caſemates, caponieres and other military edi- 
fices, that have not been conſtructed with ſufficient 
ſtrength to reſiſt the ſhock. 

Ten inch mortars are generally adequate to theſe purpo- 
ſes z hence on principles of cxconomy, 13 inch mortars are 
ſeldom uſed, unleſs the diſtance be too great for the ſmaller 
mortars : their figure being the ſame, their longeſt ran- 

es are nearly in the ratio of 4:5. Of ſhells of the 

| conſtruction, the largeſt are undoubtedly the beſt for 

ſetting fire to buildings, eſpecially when ſome pieces of port 

fire compoſition are put into them : the ſplinters are more 

deſtructive to works and buildings than to men, and the 

harſher the quality of meta] of which the ſhell is caſt, the 
ter number of pieces it will burſt into. 

Shells made of a very tenacious iron are beſt adapted for 
penetrating the vaulted roofs of barracks, magazines, &c. 
that on coming in contact with a hard body, they may not 
break before they explode: by diminiſhing the interior ca- 
vity of the ſhell, the force of the ſhock and its reſiſtance to 
the exploſion are much increaſed. 

230. Our anceſtors, in eſtabliſhing the proportions of 
ſhells, conceived that the thickeſt part ſhould be oppoſite to 
the fuſe ; that from its ſuperior weight, it might always come 
firſt to the ground, and in ftriking againſt hard bodies be 
leſs liable to break. Hence they ſuppoſed alſo, that the 
ſhell, though buried in the earth, would always burſt, fince 
the fuſe would remain uppermoſt ; but experience has proved 
that theſe effects do not always take place, owing to the ro- 
tatory motion of the ſhell ; the force of which overcomi 
the preponderance of the heavy part or bottom, makes it fall 
on every fide indiſcriminately ; and when it enters a cloſe 
compact ſoll which ſtops any communication between the 
fuſe and the external air, the fire is ſoon ſmothered and 
extinguiſhed, When the fuſe is not driven far enough = 
the 
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the ſhell, it frequently happens that the ſhell beginning to 

turn before it quits the mortar, the head of the fuſe ſtrikes 

againſt the muzzle, and breaks off ; thus, if the fire has not 

netrated beyond the eye of the ſhell, it may reach the ob- 
but will not burſt. | 

231. The difference in the form and fize of the cham- 
bers, the various purpoſes for which they are uſed, and the 
different qualities and modifications of powder render it ne- 
ceſſary to alter the charges and elevations of mortars. 

In the largeſt mortars, the initial velocity of a ſhell in- 
creaſes in proportion to the charge; hence to obtain the 
— initial velocity, the chamber ſhould be filled with the 

ongeſt powder, a tompion of wood placed immediatel 
over-it, and both the tompion and ſhell furrounded wit 
fifted earth well rammed ; that from the increaſe of reſiſt- 
ance, the inflammation of the powder may be more inſtan- 
taneous, and the fluid more abundant and elaſtic. An increaſe 
of elevation alſo adds to the initial velocity, even with equal 
charges ; fince from the greater reſiſtance oppoſed to the ex- 
ploſion in this poſition of the mortar, the fluid generated in 
— chamber acquires, before the ſhell begins to move, greater 

ſity. 

The ſame effects do not take place in muſquets, though 
fired at different elevations (Treatiſe on Powder). 

To prove that the initial velocity of a ſhell is modified by 
the elevation; fire the ſame mortar with two equal charges, 
but at different elevations ; ſor inſtance, at 0 and 20: the 
ſhell will range much farther at 70%ſ than at 20%; though, 
from the theory of projectiles, fired in vacuo, the ran 
ſhould be equal; and fired in the open air, the ſecond ſhould 
be the longeſt. By varying the charge of powder in the fame 
mortar, it has been found, that there is a particular. elevation 
which with each charge gives a longer range than can be ob- 
tained from the ſame charge at any other elevation; where- 
fore mortars ſhould not be fixed in their beds at a certain 


elevation, as from the theory of projectiles many have ima- 


ined ſhould be the cafe. The elevations that give the 
ranges, differ very ſenſibly in two mortars of different 
calibres, but of fimilar proportions, charged with a quantity 
of powder proportionate to the weight of their reſpective 

ſhells, and the fize of their chambers. 
232. It is evident, therefore, that a knowledge of the 
various circumſtances that conduce to the effectual uſe of 
| mortars 


— 
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mortars, muſt be founded on” theory, and derived from 
ſcience (142, 231); conſcquently the generality of bombar- 
diers are very ll-qualified for this ſervice; but from the 
ſmall number of officers, there being freqently a neceſſity 
during a fiege, of leaving the direction of mortar batteries 
to the bombardiers, a particular form of inſtruction has been 
expreſsly made out for their uſe, calculated for unſcientific 
men, that they may be enabled to do their duty with pro- 
priety and effect. For this purpoſe the uſe of ſhells is re- 
duced to two principal caſes ; (229) the firſt conſiſts in diſ- 
mounting the enemy's artillery, deſtroying buildings, ſetting 
fire to and overturning works, and cauſing diſorder among 
troops : the ſecond, in breaking through caſemates that have 
riot been properly conſtructed. 

233- It is ſufficient in the firſt caſe (232) that the ſhells 
be projected with juſtneſs, without much regard to the 
force of the ſhock ; this may be attained by obſerving the 
following inſtructions, which are within the comprehenſion 
of every man. The bombardiers ſhould practiſe with 13 
and 10 inch mortars of the common conſtruction ; after- 
wards with ſome of the ſame calibre, but with chambers of 
different dimenſions, in order to convince them that a dif- 
ference in the fize of the chamber conſiderably affects the 
length of the range. 

1. They ſhould know the elevation that gives the 
longeſt range, when the chambers. are filled ; and alſo 
the beſt elevation and charge for firing from the batteries 
conſtructed, in the firſt and ſecond parallels, when the 
beſieged town and the batteries are in the ſame plane, 

2. They ſhould be made to obſerve that a difference 
in the form of the chambers in mortars of the ſame 
calibre, induces a neceſſity of altering the elevation, 
and alſo affects the range; and that with the ſame 
mortar, the ranges diminiſh in proportion as the eleya- 
tion is greater or leſs than that which gives the longeſt 
range. 

3- They ſhould be taught always to load the mor- 

tar in the ſame manner, when the ſame charge is uſed ; 

ſince to negligence or miſtake in this particular, may 
be attributed many of the varieties that occur in the 
lengths of ranges: and that with the ſame charge, 
the error that may tend to ſhorten the range, will not 
add much to the deflection of the ſhell, 

P 4. As 
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4. As a difference in the quality of the powder, 
in the moiſture and temperature of the atmoſphere, 
conſiderably affets the ranges, they ſhould be taught 

to make allowance for theſe circumſtances, by ele- 
vating or depreſſing the mortars ; by increaſing or de - 
creaſing the charge. 

5. They ſhould fire at a butt with the degree of 
elevation that gives the longeſt range, and increaſe or 
diminiſh the charge till they ſtrike the object : this will 
convince them that leſs irregularity enſues from alter- 
ing the charge, than from altering the elevation; for 
the more the elevation deviates from that which gives 
the longeſt range, generally between 40* and 50“, 

- the more irregular are the ranges. | 

6. When the object is to fire at troops or enfilade 
works, it is better to lay the mortars at ſmall elevations, 
that the ſhells may not bury themſelves. 

7. When the plane of the mortar battery is below 
the plane of the object, it is much eaſier to project the 
ſhells with juſtneſs, than when they are both on the 
ſame, or the mortar on the higher plane. 

234. The ſecond caſe (232) viz. to break through caſe- 
mated buildings, requires much theoretical knowledge in the 
officer charged with the execution of this piece of ſervice, 
in order to determine the ſituation of the mortar, its pro- 
per charge and elevation ; that the ſhell may impinge on 
the object with the greateſt poſſible force. Suppoſe a ſhell 
projected from the point A, in the direction AP (Pl. 6, Fig. 
22) has deſcribed a curve AFN B Lof the fourth kind; 
in order to determine the force that the projectile has in 
each point of this curve, the direction and quantity of com- 
pound velocity at each point muſt be found. For this pur- 
poſe it is neceſſary to have a ſcale of the ſpaces paſſed through 
in times of unequal movement (170, 172) from whence 
may be deduced ſcale of co ing velocities : then, 
to aſcertain the direction and quantity of compound velocity 
at the point B, in the perpendicular line B P, make BE equal 
to the correſponding velocity at this point, of a movement 
BP unequally accelerated by gravity ; draw E H parallel to 
AP, and equal to the velocity which at the ſame point B 
correſponds to the retarded movement of impulfion AP ; 
then che right line H B will expreſs the Cirection and quan- 
tity 
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tity of compound velocity, which the ſhell has at the-point 
B (168). 


235. From the conſtruction (234) it appears; 

1. That if the point F repreſent the vertex of a 
curve, F C will expreſs the horizontal direction which 
the ſhell has at that point, and the quantity of compound 
velocity, which is leſs than the ſhell can have in any 
other point vf the curve. 

2. That the compound velocity at the point N in- 
creaſes in proportion to the diſtance of N from F: 
that the direction, of the compound velocity forms a 
very acute angle with the horizon, when the point N 
is very near to F, is leſs acute in proportion as N is 
farther diſtant from F, and becomes a right angle 
when the ſhell has loſt its movement of impulſion; 
which in praQtice is always greatly below the plane 
AB: the velocity of the projectile is then reduced to 
the unequally accelerated movement of gravity. 

That the angle formed by the direction of the 
ſhell with the horizon, approaches nearer to a right 
angle, in proportion as the angle PA B is leſs acute: 
on the contrary, when the mortar is fired at a very 
ſmall elevation, the angle formed by the direction of 
the ſhell and the horizon, can only become a right 
angle, in a point L far diſtant from the horizontal line 


236. The formula m V x =f (178) ſerves to 


a 
whole fine 


- Expreſs the force of the ſhock of a ſhellagainſta plane, of which 
the inclination is given; the application of, this formula 
will be rendered more familiar by the following remarks : 


1. The force of the ſhell N increaſes, in proportion 
to its diſtance from the vertex F. of the gurve ; fince its 
compound velocity #ſo increaſes (235, No. 2): the 
force of the ſhell at the point B being expreſſed by m V 
=mxXBH is greater than its force at the point F, 
becauſe B H is greater than C F. 

2. If the ſhell at the vertex F ſtrike at right angles 
a vertical plane, it will impinge with all the force ex- 
preſſed by m V = m x C F; ſince in this caſe, the quantity 


a being equal to the whole ſine, the expreſſion 


whole fine 
P 2 repreſents 
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repreſents unity: on the contrary, if the ſhell it the 


point F meet a horizontal plane, a g; in this caſe, 
there will be no ſhock, and the ſhell will roll gpon the 
. If the ſhell firike the point Bin the plane Zy 
inclined to the horizon with a dire& ſhock, its force 
will be to the force of a ſhock on the horizontal plane 
B Q, as the whole fine is to the right ſine g of the 
angle of incidence H BQ: wherefore, if the ſhell in- 
ſtead of ſtriking the horizontal plane B Q, ſtrike 
the inclined plane I O, the force of the ſhock will be 
leſs; and will be in the proportion of the right ſine of the 
angle of incidence HBI to the fine of the angle 

. HBQ, 

. If two ſhells be projected from two mortars of 
different calibres, but of fimilar proportions, fired with 
the largeſt quantity of powder, and with the ſame de- 
gree of elevation; the largeſt ſhel] will have the moſt 
force in the correſponding points of the curves, owing 
to its ſuperior weight, and greater compound velocity 
(229) ; ſince it deſcribes a larger curve, 

5. If two ſhells of different diameters, fired as above, 
in correſponding points of their curves firike two ob- 
jects in differently inclined planes, the ſhock of the leaſt 
ſhell may exceed that of the largeſt ; becauſe the angle of 
incidence of the latter may be moſt acute. 

237. To ſtrike with a direct ſhock, and with great force, 
a ſuperficies whoſe poſition is given (234) ; it is neceſſary : 

1. To place the mortar ſo that the axis produced 
may cut the vertical plane of the object; and that the 
curve deſcribed by the ſhell, be at right angles to it at 
the point of impad. 

2. To uſe the largeſt quantity of powder that the 
chamber of the mortar can contain. 

3- To obſerve the relative poſition and figure of the 
given ſuperficies, whether flat, or convex like the roof 
of a caſemate ; whether horizontal or inclined. 

4. Thence to determine the diſtance that the mortar 
ſhould be placed from the object and its proper elevation. 

238. It is obſerved, that the curve deſcribed by ſhells 
i does not always cut the vertical plane of the object, in the 
direction of = axis of the mortar, but deflects 1 4 ſo as 
to deſcribe a double curye, The folid ſphere ronze 
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} from the 2prouvette-mortar, when it reaches the 


vertex of the curve, deflects either to the right or left, though 
it be very denſe, and its ſurface very ſmooth, The deflec- 
tion of ſhells, whoſe ſpecific gravity is leſs, and centre of 
gravity diſtant from the centre of the figure, and which from 
the cars and the head of the fuſe preſent an uneven ſurface to 
the air is greater : the fuſe, from the rotation of the ſhell 
round its axis, deſcribes a kind of picciloi de. | 

This deflection does not much diminiſh the force of the 
ſhock on a flat, but on a convex ſuperticies its effects are 
very conſiderable ; for, however ſmall the deflection may be 
to the right or left, the angle of incidence inſtead of being 
right, becomes very cute. This circumſtance merits a 
more particular examination : 

239 · Suppoſe in the firſt place, that the ſuperficies B to be 
impinged be flat and horizontal like the ramparts of for- 
treſſes, (Pl. 6, Fig. 22) under which are caſemated barracks 
or magazines, covered with thick layers of earth well ram» 
med: in order to break through theſe caſemates, the mor- 
tar ſhould be placed in Q very near to the point B, and laid 
at a very high elevation, as 75* or 85, that the angle of 
incidence may - be nearly a right angle. If the diftance from 
B to Q be ſhort, and the plane of the mortar much higher 
than B, the compound velocity of the thell will be greater, 
ſince the angle of incidence approaches nearer to a right 
angle, and the force of the ſhock will be greatly increaſed : 
the reverſe will happen if the mortar be much lower than 
the object; inſomuch, that if the ſhell on reaching the 
vertex of its curve, meet a horizontal plane, it will roll 
upon it without penetrating (236). This firſt ſuppoſition is 
the moſt favourable to the effect of ſhells, the veriical plane 
cutting the plane of the object at right angles ; and the given 
ſuperficies being generally of great extent, the mortar may be 
placed fo, that the ſhell will always fall on it, in ſpite of 
any trifling irregularity in the length of the range. 

240. Suppoſe in ſecond place, that the plane to be 
impinged, be y B Z, inclined to the horizon A B; the mor- 
tar muſt then be removed ſo much the farther from B 
towards A, as the angle ABy is the greater; the axis of 
the mortar produced ſhould paſs a vertical plane, 
ſuppoſed to cut Y Z at right angles. The diſtance between 
the mortar and object, and the proper elevation for giving a 

P 3 . dire& 
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direct ſhock, muſt be determined from a knowledge of the two 
unequal movements that form the curve (170, 172); and the 
initial velocity produced at a certain elevation, known by previ- 
ouſly rn a few rounds to aſcertain the quality of the 
powder. But if the law of the two unequal movements 
cannot be obtained, the officer muſt have recourſe to the 
treatiſe on curves, and their greateſt amplitudes; in order to 
determine the diſtance AB, and the angle of elevation, 
taking notice that in 3 theſe inclined planes form with 
the horizon angles from 30* to 45*, and that the initial 
velocity of the ſhell increaſes in proportion to the greater 
elevation of the mortar : by properly combining theſe cir- 
cumſtances, he may, without removing the mortar a great 
way from the object, procure an oblique ſhock of greater 
force than the direct ſhock that could be obtained at a 
greater diſtance with a leſs initial velocity; ſince the greater 
the diſtance the leſs will be the elevation, and the leſs, of 
courſe, the initial velocity. Under this ſecond ſuppoſition, 
deflections to the right or left do not much diminiſh the 
force ot the ſhock, but a very ſmall error in the amplitude 
is ſufficient to prevent the (hell from impinging on the ob- 
ject ; ſince theſe planes, in the direction of the mortar, 
are of no great extent, and from their inclination, the ſhocks 
would become ſo oblique, that the end propoſed could by 
no means be attained (236, No. 3). 

241. Suppoſe in the third place, that the ſuperficies be 
convex, as the roof of a caſemate turned with a circular 
arch : the mortar ſhould be placed as near to it as poſſible, 
that from the higher elevation, the ſhell may have a greater 
velocity; and in the direction of the keys of the arches, 
that notwithſtanding any ſmall variation in the amplitude, 
they may ſtill be of ſerviee: the leaſt defleftion will be 
ſoffcient to render the ſhock, which ſhould be direct, very 
oblique. Again, if the ſuperficies be convex, in form of a 
dome, the ſlighteſt error in the direction or range will greatly 
diminith-the force of the ſhock ; ſince this ſuperticies declines 
on every ſide ſrom the perpendicular: wherefore, it is of all 
others the moſt difficult object to ſtrike with a direct ſhock. 

242. When the officer has determined the beſt ſituation 
for directing the mortars againſt the objects he propoſes to 
bombard ; he will inform the bombardiers of the proper 
elevation and quantity of powder, and point out every par- 


tieylar that can conduce to the better execution of the ſer- 
vice: 
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vice : the bombardiers having been already trained at the 
ſchool of practice (233) will be enabled to execute with 
preciſion and efficacy the order they receive. 

243. In bombarding military edifices, the ſhells may fall 
on ſolid works of maſonry, built upon arches, or on ſoft 
ſubſtances, as earth, &c. with which arches are frequently 
covered, to ſecure them from ſhells. When they fall on 
ſolid works of maſonry, they tend by their ſhocks to pene- 
trate and ſplit the caſemates, and by their exploſion to over- 
turn the counterforts, - and ſhatter the walls. 

Arches conſtructed on the principles laid down in the 
firſt and ſecond books of Military Architecture, are capable 
of reſiſting the moſt violent ſhocks from 13 inch ſhells : their 
reſiſtance increaſes when they are conſtructed of the beſt 
materials, in a climate favourable to their acquiring great 
tenacity ; and when they are contiguous to ſolid and im- 
moveable bodies, 

In buildings totally detached from others, or built on 
eminences, the counterforts ſhould be ſo proportioned, as 
not only to reſiſt the preſſure of the vaulted roofs, but every 
ſhock to which they may be expoſed from ſhells, 

244 All the effett of a ſhell falling upon a ſolid work of 
maſonry built on arches, is reduced, if the arch be well 
turned and made of chaice materials, to a ſmall excavation 
in the place where it falls: it even often happens that the 
ſhell breaks before it burſts, particularly when caſt of brittle 
iron. But if the arch be not firmly ſupported, the counter- 
forts not ſufficiently ſolid ; or in inſulated buildings not well 
proportioned to reſiſt the ſhock, and the unnecellary thickneſs 
which maſons generally give to the arches, . under the idea 
of rendering them impenetrable ; the ſubſtances in too ſmall 
a maſs, as in detached powder magazines; or the ſtone of 
of ſo elaſtic a nature, as conſiderably to increaſe the ſhock ; 
(Treatiſe on Moving Bodies) in all theſe caſes the ſhells 
will produce the defired effects. A ſhell on penetrat- 
ing a brick arch, makes a hole nearly circular, if the 
bricks be of a good quality : but if from the negligence or 
Ignorance of the workmen, the materials be bad or badly 
worked up; or if owing to the climate, they have not 
acquired a ſufficient degree of tenacity, the ſhell, beſide ma- 
king a hole, will ſplit and ſhatter the building. 

245- Shells falling on arches covered with earth or other ſoft 
materials (243) bury ws Pt without daing any mm 
— FA 4 | ria 
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rial injury, if the earth has been properly prepared (Military 
Architecture). Arches of this kind will ſuſtain no dama 
from 10 inch ſhells, nor will the building be much ſhat- 
tered if the counterforts are of proper dimenſions : the only 
danger is that the exploſion of the ſhell may carry off a 
of the circumjacent earth ; ſo that by a number of ſhells 
ing on the ſame ſpot, the top of the arch may be entirely 
uncovered, and, in the event, pierced through. Thoſe that 
wiſh to enter more particularly into the conſtruction of mili- 
tary edifices, to enable them to reſiſt the force of ſhot or 
ſhells, may refer to the fifth book of Military Architecture, 
where the ſubject has been fully diſcuſſed, 5 
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SERVICE or ARTILLERY 


TIME or W AR. 
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1. Is all well conſtituted ernments, the arſenals 
and places of ſtrength are furni in time of peace with 


„ ammunition and ftores of all kinds, ſufficient to 


check the ſudden incurſions of any of the neighbouring pow- 
ers; without incurring any unneceſſary expence, or pur- 
chaſing any articles that are of a periſhable nature, Hence, 
as the peace eſtabliſhment of troops is ſmall, and the 

zines are unprovided with many things indiſpenſably requi- 
ſite for the ſervice in time of war; whenever there is reaſon to 
apprehend its approach, new levies are made, proviſions and 
ammunition purchaſed, the magazines filled, the fortifica- 
tions repaired and mounted with — — for tranſ- 


— es corps of officers, 
eee , and. dr and _ formed taking 


for 
we ofthe hare to the field- trains of artillery. 


he proportion of each is regulated by the nature of the 
comer, ad he kind of war that ay n 


enſive or defenſive ; in the capacity of principals 
auxiliaries ; whether the ſcene of operations be in an — 
champaign 
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champaign country, or in one interſected by rivers and canals, 
or divided by impenetrable foreſts, extenſive moraſſes, or 
lofty mountains. | 

2. The ſtores to be depoſited in the magazines during 
peace, conſiſt principally of thoſe articles that are difficult 
to procure in time of war, or that require much time to 
manufacture and prepare; as arms and iron work of all kinds, 
ſhot, ſhells, and every thing that muſt be brought from 
foreign countries: deferring the collection of thuſe that can be 
procured at home, or are liable to be damaged by keeping, 
as wood, linen, &c. till the eve of the declaration of war. 

3. Taking it for granted then, that the arſenals and places 
of ſtrength are abundantly provided with every thing requi- 
ſite for carrying on a war of any continuance ;| that the 
royal corps of artillery is ſufficiently numerous; and that 
the non-commilſioned officers and ſoldiers are fully acquainted 
with the inſtructions compiled for their uſe in 1770; I pro- 
poſe in this work, to enlarge upon the principal duties of 
the ſuperior and ſubaltern officers, that the cadets having 
thereby an opportunity of knowing the duties attached to 
each particular ſtation, may be enabled to aſcertain what may 
be expected from them on every emergency. 

4. The object of an artillery-officer, in the time of war, 
is to derive the greateſt poſſible advantage from the uſe of can- 
non, mortars, fire-works and mines. The knowledge requi- 
fire for attaining this may be conſidered as two-fold: the 
one has reſpect to the planning of enterprizes, in which artillery 
is employed; the other is ſolely confined to the executive 

rt, 

# 5. In the planning of every enterprize there are ſix points to 
be previouſly conſidered. The firſt is its nature and object: 
is a fortreſs for example, to be attacked or defended? to con- 
ſider, whether the attack can be beſt carried on by regular ap- 
proaches, by aſſault or blockade; and in a caſe of defence, 
whether the greateſt efforts of the garriſon ſhould be exerted 
at the beginning, or reſerved for the latter end of the ſiege; 
whether the ground will admit of countermines being uſed 
with effect; or whether the fortifications be of ſuch a con- 
ſtruction, as to enable the garriſon to diſpute the ground 
inch by inch with the beſiegers. 

6. In the ſecond place, an officer ſhould be well grounded in 
the principles of fortjfication and tactics, as well as in the 
theory of artillery ; and ſhould be maſter of the mo 

ev 
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every part. There are certain particulars that ought to be aſ- 
certained, before an officer can ſafely give his opinion : in the 
caſe, for inſtance, of his being conſulted about forminga field 
train of artillery; he muſt, before he is competent to decide, 
be acquainted with the nature of the country, the plan of 
operations and the ſtrength of the army ; that the __ of 
artillery may be adequate to every object propoſed by the 
commander in chief, without being ſo numerous as to em- 
barraſs or retard the movements of the troops. 

7. In the third place, he ſhould adapt every thing fo judi- 
ciouſly to the nature of the ſervice, that they may all concur 
with preciſion to the attainment of the object in view, with- 
out unneceſſary trouble or expence. 

8. Having decided» on the means to be employed; the 
fourth conſideration is, how to employ them to the beſt ad- 
vantage; or the enterprize may at laſt prove abortive : for 
victory depends not more on the number of troops, than 
on the diſpoſition that is made of them; and a train of ar- 
tillery ſufficient for the reduction of a fortreſs may become 
inadequate to the purpoſe, through injudicious management. 

9. Under the fifth head, are claſſed the diſpoſitions for 
carrying any project into execution (5); they are as it were 
the ſoul of the enterprize ; for by them all the various parts 
of the ſyſtem are put into motion and made to concur to the 
ſame point; whereas a want of concert might render all the 
previous meaſures ineffectual and be productive of nothing 
but confuſion. - A certain number of perſons are made ac- 
quainted with the-leading ſteps that have been taken to enſure 
its ſucceſs, and the plan laid down for carrying it into ex- 
ecution in a given time. | 

10. And laſtly, to render the event ſucceſsful, all acci- 
dents capable of deranging the plan ſhould be carefully 
guarded againſt. In this, reſpec muſt be had both to the 
object itſelf and to every collateral incident, If it be in- 
tended, for example, to diſpatch a convoy of artillery by 
land; a ſufficient number of pioneers and carpenters ſhould 
be ſent forward to mend the roads, and repair the old or 
make new hridges, that the march of the convoy may not 
be impeded by the breaking down or overſetting of any of the 
carriages, Is a poſt to be ſurprized? the different bodies of 
troops deſtined for this ſervice ſnould be provided with truſty 
guides, perfectly acquainted with the country; and every 
precaution taken by the officers commanding the m_— di- 

viſions 
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vitions to prevent deſertion, leſt the enemy be apprized of 
the deſign. | 

11. The plan being thus digeſted, the execution follows : 
and firſt, the officer charged with the conſtruction of the 
firſt battery at a ſiege will determine from obſervation, whe- 
ther by direct firing, he ſhould endeavour to diſmount the 
enemy's artillery, and beat down the defences; by richochet 
firing, enfilade the works and harraſs the beſieged; or by 
firing with red-hot ſhot ſer fire to the buildings. 

He will, in the ſecond place, reconnoitre the ground, that 
the battery may be erected on the moſt advantageous ſpot. 

He, will in the third place, aſcertain what number of 
men, and what quantity of tools and materials are wanted 
for its conſtruction, 

Fourthly, he will conſider the means of employing every 
thing to the greateſt advantage, that the battery may be con- 
ſtructed in the beſt manner, and in the ſhorteſt ſpace of time 
poſſible, 

Fifthly, he will divide the workmen into different parties, 
directing theſe to throw up the earth in digging the ditch, 
in order to form the battery; thoſe to piquet down the faſ- 
eines: ſome to ram the earth; and others to bring the ma- 
terials from the grand magazine. 

Laſtly, he will take every precaution to guard againſt miſ- 
takes in throwing up the works, or cutting the embrazures 
during the night; and to prevent the ſeveral detatchments 
from miiſing their way, or interrupting each other in tranſ- 
porting the ammunition, &c. to the battery. The ſubaltern 
and non - commiſſioned officers will inſpect the conduct of 
the workmen, and take care that they do their duty. 

12. The circumſtances that ariſe in the execution of an en- 
terprize frequently induce a neceſſity of deviating from former 
fyſtems, and ſometimes even of varying the whole diſpoſition 
to the great embarraſſment of young officers: they ſhould there- 
fore be practiſed in the ſolution of different problems beſt cal- 
culated for exerciſing their inventions, and obliging them to 
have recourſe to their own minds for reſources in caſes of no- 
velty and difficulty, but which yet require inſtant determina- 
tion and execution. Such is the path trod by all military men 
that aſpire to eminence in their profeſſion; and ſuch is the 
road by which officers have arrived at diſtinction and re- 
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The diviſion of this work is into three parts: the firſt 
treats of the ſervice of artillery in the attack; the £ 
in the defence of fortified towns; and the third comprehends 
the various other branches of artillery ſervice in the field, 


FR FAR 


Or THE Service or ARTILLERY IN THE ATTACK OF 
ForTiFiteD Towns. 


13. \ Y HENEVER atown fortified according to rule 
is intended to be taken — ſiege, the object of the beſieger is 
to make a breach; which may be effected by the means of 
heavy artillery, or of mines: and the execution, in either 
caſe, reſts with the royal corps of artillery. 


CHAP. I 


Or THe FIRST DisPoOSITIONS TO BE MADE rox BE- 
SIEGING A PLACE IN FORM. 


14. Tur firſt duty of an artillery officer, when it is 
reſolved to lay regular ſiege to any place, is to make out a 
ſtate of the guns, mortars, ammunition, machines, and 
carriages of all kinds requiſite for that purpoſe. To be en- 
abled to make a proper proportion of ſtores, the command- 
ing officer of artillery muſt be maſter of certain data (6); 
that is to ſay, the commander in chief, or the general offi- 
cer charged with the direction of the ſiege, ſhould commu- 
nicate to him a plan of the fortifications and environs of the 
place, accompanied with ſuch profiles and remarks, as may 
enable him to aſcertain what fronts are moſt attackable ; 
with the advantages and diſadvantages attending each ag L 

Ot 
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both with reſpect to the works and countermines, the nature 
of the ſoil where the trenches muſt be opened, and the ſeve- 
ral heights and hollows in the vicinity of the town. He 
ſhould- likewiſe be informed of the enemy's force; viz. 
whether the town be protected by an intrenched camp, 
or left ſolely to the exertions of the garriſon : if it be amply 
provided with artillery, proviſions, ſtores and caſemates ; if 
the garriſon be ſufficiently numerous; and whether com- 
poſed of veteran troops or new levies; if the governor be 
in high eſtimation for his military talents : if the town be 
populous, and whether the inhabitants are well affected to 
the garriſon, and of a martial or pacific diſpoſition. The 
commanding officer of artillery ſhould be likewiſe acquainted 
with the nature of the country, through which the ſtores, 
&c. muſt be tranſported ; as the diſpoſitions that ſerve for 
tranſport by land wilt by no means anſwer for water car- 
riage. ; 
15. But if it be impoſſible to collect ſufficient intelligence 
to reguiate the quantity of artillery and ſtores, the proportion 
muſt be formed on the general principles of attack. On 
his arrival in camp, the engineers ſhould impart to him the 
obſervations they have been able to make on the place and 
its environs ; and the commander in chief ſhould commu- 
nicate whatever intelligence he may have received from 
his correſpondence within the town : the original ſtate of 
ordnance and ſtores may be then varied and adapted to cir- 
cumſtances, that the ſiege may be carried on with proper vi- 
ur. The roads that the laſt convoy muſt take to reach the 
camp ſhould be covered from the enemy, till all the ſtores 
are ſafely arrived. 

16. If the officer intruſted with making out the ſtate of 
ordnance and ſtores be ſufficiently acquainted with the place 
and its environs, he ſhould aſcertain (according to the fun- 
damental maxim of all beſiegers) againſt which front the 
attack can be made, the le expoſed and with the greateſt 
expedition : and examine whether the ſiege can be beſt car- 
ried on by regular approaches; by taking advantage of any 
defect in the ſituation, to break ground cloſe to the works; 
or by blockade : and whether the former and latter parts of 
the direct attack will be ſimilar. By the aid of this inveſti- 
gation, the quantity and quality of ſtores wanted for a ſiege 


may be determined with the greateſt accuracy ; but it — be 
tter 


better to increaſe the proportion, if the eſcorts be large; and 


to. diminiſh it, when few troops can be ſpared for this ſervice, 

17. The primary conſideration towards deciding the 
number and calibre of the pieces of ordnance, is to 4eep 
up conſtantly a fire ſuperior to that of the place. 

The following are the particular rules for the obſerva- 
tion of this maxim, in the firſt part of the direct attack ; 

1. The proportion of 32 prs. for firing at the prin- 
cipal defences of the place, and covering the approaches 
to the creſt of the glacis, ought to exceed by a third 
at leaſt, the number that the garriſon can bring to bear 
on the atiack, from the body of the place, or any of 
the outworks, capable of making a long reſiſtance. 

2. The proportion of 16 prs. for diſmounting the 
enemy's artillery in the ravelins, and other advanced 
works that may retard the progreſs of the beſiegers, 
ſhould exceed by a fourth at al, the number of guns 
in thoſe works. | 

3- The richochet firing is from 8 and 4 prs. the num- 
ber for enfilading any works ſhould never be leſs than 
three, 

4. Each of the works attacked ſhould be enfiladed by 
at leaſt three 10 inch mortars, when tlie object is to 
diſmount the enemy's artillery ; and, by perpetually an- 
noying them, oblige them to abandon their works. 
But if the baſtions be caſemated, the mortars ſhould 
be 13 inches in bore, and the number increaſed.- + * | 

5. As the richochet firing may be ſtopped for fear of 
incommoding the workmen in completing the third 
parallel, two or three royal mortars ſhould be planted 
in the ſecond parallel, againſt each face of the covered 
way, to harraſs the garriſon during the ceſſation of the 
richochet-firing. a 

6. Some ſtone mortars may likewiſe be placed in 
the finiſhed parts of the third parallel, for firing into 
the covered way. 

18. Having determined the nature and number of the 
ordnance requiſite for the firſt part of the attack, the quan- 
tity neceſſary for the ſecond is then reſolved on; making 
uſe, for this purpoſe, of the guns planted in the firſt erected 
batteries, which ceaſe firing when a lodgment is effected on 
the creſt of the glacis. 


19. This 
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19. This artillery (17, 18) is deſigned for firi 
ngaind the front of £ attack; but i — any objeas 
within the town expoſed to the fire of the befiegers, the 
ordnance muſt be proportionably increaſed. If the barracks 
and the magazines, for inſtance, can be cannonaded, a pro- 
ion of 32 prs. ſhould be deſtined for this ſervice; 16 prs. 
will be ſufficient for beating down the houſes, &c. and 8 prs. 
for projecting red-hot ſhot to ſet fire to buildings, When 
the barracks and magazines are covered from cannon-ſhot, 
but not ſecured from ſhells, the number of 13 inch mortars 
for breaking through the caſemates ſhauld be increaſed : 
in caſe the troops or ſtores are lodged in the common 
edifices of the city, 10 inch mortars will ſuffice for the bom. 
bardment. | * 

20. The number of rounds fired from each gun and 
mortar againſt the front of the attack ; is eſtimated at 60 
rounds a day. From the damage that may be done to the 
batteries by the fire of the place, the accidents that will ine- 
vitably happen, and the occaſional ſuſpenſion of the firing, 
this calculation is ſeldom exceeded; it may therefore be con- 
ſidered as the expenditure of every gun or mortar mounted 
on the batteries, from the day they are opened till the end 
of the ſiege. 

21. The calculation for the guns intended , for firing 

againſt barracks and magazines, (19) is from 250 to 300 
rounds a gun for each 32 pr. when the diſtance is ſhort, 
and the line of direction nearly perpendicular to the objects 
but for longer diſtances, and very oblique directions, the 
number of rounds muſt be regulated by the ſituation of the 
place, and it's environs; on the principles laid down in 
the third book of Military Architecture, and rhe Philoſo- 
phical Inſtitutions, with regard to the effect of cannon-ſhot 
on walls. Large ſhells are the beſt tor penetrating caſe- 
mates; to produce the full effect, the mortars ſhould be 
laid between 35 and 45*, and the ſhells projected with the 
greateſt initial velocity ſhould fall perpendicularly to the 
plane of the object. 
22. The number of gun-carriages and mortar-beds, as 
well as ſpare articles of every kind, is proportioned to the 
duration of the fiege : we generally compute three carriages 
for every two guns, and two beds for each mortar, when 
the ſiege is expected to laſt about a month; the proportion 
is increaſed for longer ſieges. 
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The number of beds for each mortar is likewiſe increaſed, 
when the chambers are to be filled with powder; as the 
ſhocks are then very violent, and ſoon render them unſer- 
viceable, 

The quantityrof tools for the pioneers, and for making 
faſcines and gabwns, are regulated by the works that are 
intended to be thrown up; whether lines of circumvallation, 
or only approaches and batteries on the front of the attack. 

The quantity of powder is computed from the number 
of rounds (20), and the proportion for each charge; this 
is in general eſtimated at 4 of the weight of the thot for 
large guns, and half of the weight of the ſhot for guns of 
ſmaller calibre. "The common charge for 13 inch mortars, 
including that of the thell, is 12;1bs. of powder ; GAlbs. for 
the 10 inch mortar, and 31bs. for royal mortars ; the charge 
for the ſtone mortar is 4Ibs. of powder, and for hand gre- 
nades, 3302: | 
23. When artillery, ſtores, &c. are tranſported by land, 

oxen, horſes, and ſometimes mules, are uſed for drawing 

them. The weight that two oxen will draw on tolerably 

level ground, is about ꝙ cwt. two horſes or mules will draw 

about 74 cwt. : in hilly countries, the weight ſhould be dimi- 

niſhed by a fifth, | , 
| The weight in cannon being more concentrated than 
| in common carriages, five pair of oxen are harneſſed to a 
| 16 pr. mounted on it's carriage, weighing 36+ cwt. ; whereas, 
| four pair would ſuffice, if the weight were divided into four 
equal parts. In mountainous countries, the ammunition, 
; tools, &c. are carried on beaſts of burthen : a common 
mule will carry a weight of 24 cwt. and a full load for one 
of the ſtrongeſt, is 24 cwt. but every article that exceeds 
1; cwt. ſhould be put into carriages. It is much more 
expeditious and ceconomical to make uſe of boats, if there 
be any rivers or navigable canals in the country, that the 
convoys are to paſs through: to determine the number, 
the ſize of the boats muſt be known, and the ſoundings of 
the rivers ; as the freight of each muſt be proportioned to 
he depth of water. | 
24. To exemplify the above maxims, let us ſuppoſe ; 

1. A fortified town NN (Pl. 1), is to be beſieged in 
form: that the nature of the ſoil is favourable for 
carrying on the approaches, and conſtructing the bat- 
teries; and that the adjacent country is level, and 

neither 
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neither pariculaily advantageous nor diſadvantageous 
to the betieger. 

2. That the works are reveted ; the revetements 
of the common thickneſs ; the height of the body of 
the place about 40 feet ; and of the counterſcarp, about 
20 feet; the profiles juſt, and the wolks mutually flank- 
ing each other; no countermines, but caſemates and 
magazines covered from cannon-ſhot ; and an ample 
proviſion of ſtores of all kinds, 

3. That from 16 to 18 guns may be mounted on 
the faces A, B, of the baſtions in the front AB that is 
attacked ; and the ſame number upon the four faces 
C, D, E, F, of the ravelins. 

4. That the garriſon is ſufficiently numerous, com- 
poſed of veteran troops, and commanded by experi- 
enced and gallant officers. 

25. The firſt ſtep towards making out the proportion of 
artillery for laying fiege to the ſuppoſed fortreſs, (Pl. 1) is to 
draw a plan of the attack ; and then determine the number 
and nature of the pieces of ordnance, on the principles before 
laid down: the following will be the reſult ; 

Twenty-four 32 prs tor the royal battery G. 

Twenty-four 16 prs. for the batteries H, K. 

Twelve 8 prs. for the richochet batteries M, O. 

Twelve mortars; four of 13 inches, and eight of 10 
inches, to be diſtributed in the batteries L, N. 

Twelve royal mortars to be placed in the ſecond parallel, 
for covering the ſappers in the third parallel, when the richo- 
chet firing ceaſes, 

Six (tone-mortars to be placed at Q, in the third parallel, 
to anno the beſieged in the covered way. 

26. Upon the ſame principles may be computed the quan- 
tity of artillery neceſſary for the ſecond part of the direct 
attack : it wil! be nearly as follows ; 

(Pl. 2.) Five 32 pts. tor battering in breach the ravelin 
P from A. 

Four 32 prs. for ſilencing ſrom the battery B, the guns 
on the baſtion Q which covers the ravelin P. 

Eight 32 prs. viz. five for battering in breach the baſtion 
from C, and three to. be planted in the battery O. 

Six 32 prs. for firing from D againſt the upper and lower 


flank H. 
Three 
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Three ſtone-mortars. to fire from the battery E agaioſt 
the ravelin P. 

Three ſtone - mortars to fire from the battery F againſt 
the flank R, which covers the breach N in the baſtion Q. 

Eight 13 and 10 inch mortars to fire from the battery G 
againſt the flank R; on a ſuppoſition that its fire is ſuperior 
to the counter battery D. 

Eight royal mortars to harraſs from the battery K the 
troops that defend the ravelin P. | 

Eight mortars of different calibres, to harraſs from the 
battery H the troops that defend the baſtion Q; and pre- 
vent them from throwing up intrenchments. 

According to this calculation, the artillery uſed in the 
firſt part of the attack, will be amply ſufficient for the ſecond, - 

27- The number of rounds for each piece is determined 
by the duration of the fiege. In the caſe in queſtion, the 
greateſt number of days that the batteries will be open, 
will be nearly as follows ; 

( Pl. 1.) The batteries G, H, K, L, M, NO, twelve days. 

The royal mortars in the ſecond parallel, eight days. 

The ſtone mortars at Qin the third parallel, ſix days. 

(Pl. 2.) All the batteries conſtructed for the ſecond part 
of the attack, eight days. 

28. The following is a proportion of ſtores for carrying 
on a regular ſiege, under theſe circumſtances (24): the 
whole is ſuppoſed to be ſupplied from one depot, and tranſ- 
ported to the ſcene of action, in carriages drawn by oxen 
along level and well made roads. This ſtate will ſerve 
as a rule for ranging each article, in the claſs to which it 


properly belongs. 


Q 2 State 
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State of Artillery, Ammunition, and Stores of all kinds, 


laying regular Siege to a fortified Town NN. 


No. of 
No. and Nature of No. and Nature of Gun. Pair, 
Ordnance. carriages. of 

: Oxen. 
24 Heavy 32 prs. carried 
on 24 block waggons, 

with draught chains 09000000 $000 000 000000000000 192 
for 8 pairs of oxen to 
each „ „*%C“0 „%% „% „ „1 $548 


24 Heavy 16 prs. mount- 
ed on travelling carri- 
ages with limbers | —u—I.——.——eL̃. 120 
draught chains for 5 
pairs of oxen to each 
12 8 prs. mounted on- 
travelling carriages, 
with limbers and two 
pairs of oxen to each 


CO %% „%%% „ „„ „ 4 6 „ 66 e 24 


60 Guns. 36 Carriages for 320 
prs. with limbers 


and fide arms at þ 72 
2 pairs of oxen 
nth: oooovoceccuchs — 
12 Spare carriages, 
with limbers for 
16 prs. and 36 
ſets of ſide arms 
6 Spare carriages 
with limbers, and 6 
18 ſets of ſide 
arms for 8 prs 
54 Carriagos. 
6 Stone mortars Carried upon 7 block 
inch ditto J Carriages with draught 8 
4 13 ory di chains, for 5 pairs of 3 
% 


Carried over 461 


— — 


12 Roya! 


N. 
Gn? 
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_ of | Carts; 
Brought over 461| — 
Ne. and Nature of Ordnance. 
12 Royal ditto, carried in} | 
2 common carts, with —— — — 41 2 
2 pair of oxen each 
30 Mortars 69 Mortar-beds at 2 to each mortar 22 22 
60 Sets of fide arms for the mortars 1 T 
| + Spare Articles. 
4 Block waggons, at 2 pairs of oxen each .... 8 — 
24 Wheels tod with iron for 32 _ 16 
pr. carries 
12 Wheels ſhod with iron for 8 pr. and 12] 12 
r e050 e0cecoce tonngggrroenynhtonts 
100 Axle-trees for carriages of all ſorts ........ 10] 10 
200 Spunge-ſtaves for guns... 19000000006 "25" 
100 Sheep-ſkins for ſpynges «oceoeergereeceeeceeere— 7 I 
Shot, Shells, and Grenades. 
28800 Shot for 32 prs. at 1200 rounds a gun 
and 40 to each cart... . . 720 720 
17280 Shot for 16 prs. at 720 rounds a gun, 
nnn 216216 
7200 Shot for 8 prs. at 600 _— and 160 
to each cart . 3 45] 45 
2400 Caſe-ſhot, half for 32 'prs. the other for 
os ONO OHM CALCEDG ee 45 
4800 13 inch ſhells, at 1200 rounds for my 
mortar, and 7 ſhells to each cart . 686] 686 
9600 10 inch ſhells, at 1200 rounds for each 6 6 
mortar, and 15 ſhells to each cart kd hae 
11520 Royal ſhells, at 840 rounds for each mor- 88| 288 
tar, and 40 ſhells to each cart . . 2 2 
12000 Hand grenades, at 500 to each cart , 24 24 
Carried over 3187|2716 
— ] 


Q 3 $hot, 


+ * 


- 4a * 
Si mas. a 
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Pairs of 'C arte. 


Oxen. 


Brought over 3187 


Shot, Shells, and Grenades continued, 


$500 Fuzes for 13 inch mortars 
11000 Ditto for 10 inch ditto .. {Packed up in 
13000 Ditto for royal ditto ........ ſand bags f 
35000 Ditto for hand grenades .. 

4000 Bottoms of wood for the lone mortars 

4000 Baſkets for ditto . .. . . . . . . 


400 Coins . .. .. . .. . woe * 
10 Long levers with horſes . 
. 
2 Capſtans with — | 
6 Hand jacks Cds 
6 Ropes tor guns, 25 fathoms each cemeene 
4 Ropes for gins, 15 fathoms each 
ud ZLiouhic OSS: coromooccr3onrcocoverceterrercececcs 
100 Ropes for tying the ammunition upon ” 
the waggons, 8 1athoms each . 
100 Drag ropes, 10 fathoms each ....... 1 
26 Cwt. of cordage for tying and packing .. 


Ammunition. 
5922 Whole barrels of corned powder, viz. 


ct. grs. 1bs. 
2635 1 12 For 288 rounds from 32 prs. 
e 
790 2 24 For 17280 rounds from 16 4 
at Se lb s. 
105 1 20 For 5200 rounds I richocher, at 
; 3 i 10 OE. 4, ooorcomeeee 
527 © 16 For 4800 rounds ſor the 13 by 
mortars, at 12 lbs. 4 ozs. 12 drs 
including the charge for the {hell 


— — 


Carried over 3945 | 


I2 


647 


2726 


12 


647 


3474 


— — 


Ammunition 
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Pairs of 


Oxen. 


Brought over 
Ammunition continued. 2008 


cut. rr. Ibs, 
562 1 4 For 9600 rounds for the 10 inch 


mortars, at 61bs. 8 oz. 14 drs. 
337 19 For 11520 rounds for the royal 
mortars, at 3 lbs. 40z. 7 drs. 
146 1 20 For 4000 rounds for ſtone 4 
tars, at 4 lbs. 1 02. 9 drs. 
21 3 24 For 12000 hand — at 
r 
512 2 Q For the infantry, at f of an 02. 
for each muſquet cartridge -f 
282 3 1 To ſupply the waſte and loſſes, 
being in the 1 of 28 5 
. 


g1 © o 8 — 10 
1830 © 0 Of muſquet balls including gs | owt, 
of pol 6 a vos 


150000 Flints ....... Ne tho Lax 
660 Oil-cloths for covering the ; ponder and? 


match 86 t „„ „„ „%%% „% „ 2 6 


Various Articles. 


2000 Oak planks for the platforms . n 200 
DIe pra 50 


1000 Fir planks for the frame of the gallery of 4 70 


deſcent into the dit * 
500 Beams for ditto . JO 
40000 Sandbagss . — — 716 
5000 Ballaſt baſbets. ... ...... 35 
150 Cuiraſſes with caſques for the ſappers 8 
91 Curt. of greaſe * the axle - trees and the { 
laboratory . 


446 4 @(© ak as ths tt aa 44 a 


9 


Carried over 4576 


Q 4 


x 
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3474 


10 
200 


4576 4105 


Iron- 


248 SERVICE OF ARTILLERY 
Pairs of 


Oxen. 


Brought over 4576 


3 and Nails. 


54 Cut. of iron of ſorts for the wheels and 6 
axletrees of gun carriages . — 
36 ct. — Of forge iron in bars and rods ........ 
oo Be . 
29 cwt. — Of nails for wheels . . . . . 
54 cwt. — Of nails for platforme . ... . f 10 
5 ct. — Of nails of 40 to the lb. . 
3 cwt. — Of iron wire . ... . 


Articles for the Laboratory. 
36 cwt. — Of mealed powder . .. 500508 


4 
36 cwt, — Of refined ſaltpetre . 4 
18 cwt. — Of flowered ſulpfmut . . 2 
45 em. r... 5 
45 1 — Of pien q 3 
4 cwt. — Of packthread ........ 
3 qrs 8 oz. Of common thread 
3 cvt. — Of 1 packed in 
3 rs. Of fine tow — venece boxes f 
4 cwt, — Of glue . . . 
3 rs. — Of yellow wax «........ 
2 cwt. 2 qrs. Of wax candles 1 
1246 Yds. of barras . . ... ... . — 
1246 Yds. of linen and cotton cloth ................ 6 
10 Reams of fine writing paper ...... 4 
10 Ditto of common paper ...... 
40 Oil-cloths for covering the above articles 
Carried over 4624 


Carty. 


4105 


10 


S 


1153 


Inſtruments 
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Oxen. 
Brought over 4624 [4153 
Inſtruments for the Laboratory and work. ſhops. 


3 Mealing tables with treſtles . 2] 2 
40 Wooden troughs for mixing fuſe compoſi- 
———— —— 
20 Heavy mallets for fixing fuſes . 
40 Setters for driving ditto . . 8 
e 
30 Ladles for ditto .......... — | 
24 Small bruſhes for glue . ” 
24 Tin funnels of different ſizes for loading 
ſhells and pevones — —— 
50 Raſps with handles ..... . . — 
50 Drawing knives ...... . e508 
6 Sieves of hair or fine ck .. 
6 Hand ſaws 0905 $000 00006000 000008 
12 Pair of ſciſſars of ſorts——.—.— 
30 Augers and — 
6 Handſcrews 


n 


2 
4 Pair of nnn... 
150 Tin meaſures of different ſizes .......... f 3] 3 
150 Can-hooks for walls — | 
100 Quadrants .... — — | 


1000 Pricking wires . ...... ... 
100 Lanterns of ſorts ...... 
60 Wire fieves ..ucor 200000 . 0008 4240 0550008 

x Bench for e be — 2 
6 Buckets . . 5000 0608 


0 N FR 
2 Large melting pots with. iron trivets 
CN earn crea ed 
COONS WA —— —̃ — —— 


22 Wand Wille cools 3 
Steels, flints matches and tinder boxes — 


Carried over 4631 4160 


f Intrenching 
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Pairs 
of 


Oxen. 


Brought over 4631 
Intrenching Tools. | 


go00 Fick-aneg: of Kinds _  Looooleoootoronmepecem 
10000 Mattocks with helves, ſuppoſing there are þ 100 
no lines of circumvallation to conſtruct 
600 Spades with helves ..... .. . 5 
209 „% 14ÿ1„»∘ꝙꝑ7. 
. 


Tools for forty Miners. 


20 Iron mallets 2 v908 98200982296 009 429609990066) 
. |. Locoooyrortorrreneccocneetocect 
20 Hammers with heads and points .. 
20 Cutting hammers ...... . 3 
. 0000000000 
20 Small ſpades for cutting. . . 
2 Searchers in ſeveral pieces . . . . . 


Tools for thirty Carpenters. 


CT 7— . Ä remerereatoccnmccocretcontabitit 
— wh 
30 Broad axes .... ...... . . . . 
20 Hammers — I IOIOOIIIITING 0000 00000000 
10 Sledge ditto $000 $0054 44 G6 S000 $556 FEES ESSE SES 604 5548 
150 Chiſſels and gouges of forts ........., — b 4 
300 Augers and gimblets ...... . 

6 Hand vices — 5000 $054 SHEE $506 © $455 $590 $544 $5.58 
eee 

66. „90 | 


10 Pairs of pincers n j 


Carried over 4768, 


4297 


Tools 
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Brought over 4768 4297 
Tools for ten Blackſmiths 


2 Forges complete, with anvils and ſtocks . 24 2 

20 Pairs of forge tongs of different fizes «........ ] | 
e | 

15 ns — 1 | 
8 Sl ge „ . 

40 Files of ſortsQ . Y - 
2 Benches with beak irons and vices . * 
1288 ˙—————.———— 2 

Spare carts and oxen with each convoy «....... 87] 48 


Total 486014350 


9 —.— 


The miners tools contained in this inventory, are for work - 
ing under ground, and piercing the wall of the counterſcarp; 
but if the foil be rocky or very hard, there muſt be a greater 
proportion of iron picks and ſteel gads; and the following 
articles ſhould be added: iron jumpers caſe-hardened at the 
points; ſmall iron ſcrapers for clearing the holes ; needles 
for charging them; common iron crows of different ſizes ; 
picks pointed with ſteel ; cutting mallets with ſteel edges; 
and mallets with caſe-hardened points. 

29. Should it be intended to attack two fronts at once; 
the quantity of guns, mortars, ammunition. and tools of 
all kinds muſt be increaſed in proportion to the extent and 
ſeriouſneſs of the ſecond attack. 

If only one front be attacked, and the works difficult to 
beat down ; as when conſtructed of hard turf, goo or 1000 
cwt. of powder muſt be added to the quantity in the inven- 
tory : ſince after having made openings in the revetement with 
cannon ſhot, the miners muſt be introduced for the purpoſe of 
making practicable breaches ; and the number of rounds al- 
lotted for the mortars in the ſecond parallel muſt be aug- 
mented by about 4, that the garriſon may be — 
harraſſed till the operations of the miners are compleated. If 
the works be of common earth with one ſtage of counter- 
mines; the above-mentioned quantity of powder muſt be 
allowed for the mines and mortars, and a third added to the 
quantity intended for the direct firings from the firſt batte- 


— 
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ries, that a conſtant firing may be kept up againſt the de. 
fences of the place, while the miners are buſied in exploring 
the countermines: with two ſtages of countermines, the 
number of rounds for the mortars mult be doubled, and ar 
leaſt four times the quantity of powder provided for the 
attack of the countermines, together with planks and joiiis 
for the ſhafts and galleries. When there are no out- Works 
on the front attacked, the artillery and ſtores deſigned (28) 
for the attack of the ravelin may be omitted, if he pro- 
files of the out- works are too narrow to admit of cannon, 
the 16 prs may be left out of the inventory: as the fire from 
the 10 inch mortars will in this caſe be ſufficient againſt the 
ravelin. 

30. I heſe obſervations have reference only to the place 


itſelf: but there are others to be made on the nature of tlie 


adjacent country, and the choice of carriages for the tranſ- 
port of ſtores. If the fortreſs be ſituated among mountains, 
where it is difficult or perhaps impoſſible to uſe wheel-carri- 
ages, a greater number of capſtans with ropes and pullies, 
both fingle and double, muſt be provided, that every neceflary 
article may be brought forward by men. If the ſoil be fo 
rocky as not to furnih a ſufficient quantity of earth for the 
conſtruction of the batteries, a proper number of ſacks filled 
with earth and wool muſt be tranſported to the ſpot. 

If the town be ſurrounded with rivers or broad canals, 
ſome wooden or leather boats with their apparatus ſhould 
be provided, together with a large quantity of treſtles and 
every other thing requiſite for conſtructing bridges, for the 
paſſage of the artillery and ſtores, and for keeping the com- 
munication open between the ſeveral parts of the attack, If 
the ſtores be tranſported in boats or waggons, the oil-cloths 
for covering the powder, match, and other combuſtibles, 
ſhould be much larger than when they are carried on beaſts 
of burthen : when the latter expedient is adopted, ſtrong 
nets mult be provided for holding the ſhot and ſhells ; the 
weight put into each package ſhould never exceed 1+ cwt. 

. 31. When the whole or a part of the ſtores for the ſiege 
is drawn trom any fortified town, it ought to be as far diſ- 
tant as poſſible from the theatre of war: ſhould it of neceſ- 
fity be a frontier town, the commanding officer of artillery 
ought to ſignify it to the perſons at the head of his depart- 
ment, that the ſtores he has taken away may be inſtantly 
replaced; leſt from ſome accident, the ſyſtem of the war be 
| ſuddenly 
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ſuddenly changed, and the enemy take advantage of the un- 
provided ſtate of the town to attack it. 

Guns that are not perfectly good will anſwer very well 
for richochet firing and for battering in breach : when there 
are any ſuch, therefore, in the town from whence the ſtores 
are drawn, they ſhould be included in the inventory, and 
after the ſiege be condemned and ſent to the foundry : like- 
wiſe any powder, carriages, cordage, ſand bags, or other 
ſtores that have been kept too long in the magazines; fince 
a commanding officer of artillery may by ſkilful and judi- 
cious arrangements employ them very uſefully, without detri- 
ment to the ſervice, yet greatly to the intereſt of his ſovereign, 
by ſaving the money that the purchaſe of newarticles would coſt, 

Finally, if there be reaſon after the trenches are opened 
to apprehend that the obſtinacy of the garriſon may ſo far 
protract the ſiege, as to render the ſupply of ammunition 
inadequate to the reduction of the place, the commanding 
officer of artillery ſhould give timely intelligence to the perſons 
charged with ſupplying his department, that the operations 
may not be retarded or ſuſpended. 

32. The following return ſhews the leaſt number of officers, 
non-commiſſioned officers and privates for the ſervice of the 
artillery at a ſiege under the preſuppoſed circumſtances (28). 


A commanding officer 

Second in command 

Major 

An adjutant and aſſiſtant 

. owootroce K 
Subalterngs ... . . 36 


Serjeants and corporals — — 92 

Bombardiers and gunners 700 

8 

. © 
4 ro ocrotrateviocrne corbbbiibebech 
Artificers for r — 5 

bridges. 1 

Total 1000 


Beſide theſe, a detachment from the line muſt aſſiſt the 
bombardiers and gunners in conſtructing the batteries, and 
working 
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working the artillery ; and a few ſteady intelligent men pick- 
ed out for carrying on the ſap. With one ſtage of coun. 
termines, the number of miners muſt be increaſed to 80, 
and with two to 160. The infantry muſt furniſh ſome fit 
men for working under ground, and building the frames of 


the ſhafts, branches and galleries. 
C H A 2 II. 
Or Cokvors. 


33. Tu E tranſport of artillery and ſtores is either by 
land, or water: in the former caſe, a rendezvous is appointed 
for all the carriages, and the roads are put in repair; in the 
latter, the boats are collected at the place moſt commodious 
for embarkation. 

So ſoon as the commanding officer of artillery has re- 
ceived orders from the general to forward the guns, ſtores, 
&c. contained in the inventory previouſly concerted between 
them ; he diſpatches an experienced officer to the camp, the 
moment he hears that the place is inveſted, to chooſe a 

oper place for the park ; and when the convoy marches by 

nd, he detaches one or two ſubaltern officers to examine 
the condition of the roads and bridges, that they may be 
repaired, or rebuilt if neceſſary: in the mean time, the 
ſtores are loaded and every thing prepared for departure. 

34. The roads ſhould be broad and ſtraight, for the ſake 
of ſhortening the line of march, and avoiding the delay that 
ſometimes h»ppens in narrow roads to a whole convoy from 
the breaking down or overſetting of a carriage, particularly 
of a heavy gun. In a mountainous country, where the roads 
are ſleep, narrow and winding; they ſhould if poſſible be 
widened and mended : if that cannot be effected, new ones 
muſt be made-ſufficiently broad and ſtraight. A ſteep road 
is leſs inconvenient than a winding one ; the difficulty in the 
firſt caſe being ſurmounted by dividing the ſtores into a num- 
ber of carriages ; but in the ſecond, from the ſhort turns, 
the guns muſt frequently be dragged on fleighs by the ſol- 
diers with the aſſiſtance of ropes and tackles, with great la- 
bour and much loſs of time, 

35. Bridges, for the paſſage of heavy artillery, are made 


either with beams, treſtles, or boats. Should there be a 
| neceſſity 
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neceſſity for paſſing without delay a deep ditch leſs than 20 
feet in breadth, fix or ſeven beams may be taken from the 
neareſt houſes or villages : when there are none within reach, 
ſome trees mezſuring 4 or 5 feet in girth ſhould be inſtantly 
felled, and when ſtripped of the branches laid acroſs the 
ditch, at about ten inches diſtant from each other; and 
upon them a layer of boughs, or any wood that can be more 
eaſily procured, 12 or 14 feet in length, and 4 or 5 inches 
in thickneſs; and the ſurface made ſmooth with a coat of 
earth or turf, If no trees large enough for this purpoſe can 
be found, or the ditch is more than 20 feet wide, a and 
ſubſtantial bridge may be made by placing a treſtle in the 
middle of the ditch, and reſting the ends of the trees upon 
it; or in lieu of the treſtle, a thick piece of timber ſupported 
at each fide by two beams fixed in the banks; this croſs 
piece will be ſtrong enough to ſupport the ends of the trees 
reſting on it. | 

36. Bridges on treſtles can only be laid over canals, or 
rivers that are not ſubject to floods; as in caſe of a large 
ſwell they would be in danger of being carried away. The 
treſtles are generally made on the ſpot of well- ſeaſoned tim- 
ber that ſquares from 8 to ten inches. Their height above 
the ſurface of the water ſhould be at leaſt 3 feet, and the croſs 
piece that forms the head 12 or 14 feet long: the diſtance 
between every two treſtles is 14 or 16 feet; and when the 
bottom of the canal or river is not rocky or gravelly, their 
feet are nailed upon ſquare wooden frames, to prevent their 
ſinking. Six pieces of timber, 7 or 8 inches ſquare, called 
baulks, are laid on the treſtles, and the ends nailed down; 
the whole breadth from outtide to outfide of the baulks is 
from 10 to 12 feet, and over them are two layers of planks 
or cheſſes 14 inch in thickneſs, and 12 or 14 feet in length. 
When the timber is green, the thickneſs ſhould be increaſed 
by +; and, in lieu of planks, any wood that is 4 or 5 inches 
thick may be nailed on, and covered with turt or earth as 
before-mentioned ( 35). 

37- If the river be ſubject to freſhes or very deep, the 
bridge is made of hoats faſtened together two, and two by 
fix well- ſeaſoned baulks from 6 to 8 inches ſquare, and of 
ſuch a length, that the ends reſt on the outer gunnel of 
each boat, after leaving an interval of eight feet between 
every two boats; they are nailed down to the gunnels of 
the boats, and covered with planks two inches thick — 

eet 
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feet long; a ſecond layer of planks 14 inch thick, and ro 
feet long is laid tranſverſely. The pairs of boats thus 
faſtened together are placed at 8 feet diſtant from each other, 
Joined by baulks 6 or 8 inches ſquare and 10 feet long, nailed 
down to the gunnels, and covered with cheſſes as before. 
To every two boats there is an anchor, and a cable from each 
to hold them againtt the ſtream ; and when from its great 
rapidity this is found inſufficient, a ſheer-line from each 
boat is made faſt to the banks of the river. Rails 4 feet 
high are placed along each fide of the bridge for the ſafety of 
paſſengers. 

If the river be navigable an opening is occaſionally made 
in the bridge, by placing the center pair of boats almoſt con- 
tiguous to thoſe on each fide, and joining them by baulks 
that are not nailed down ; thus, they may be eaſily removed 
to give a paſſage to any boats or veſſels paſſing up or down. 

To render the bridge more ſecure againſt ſwells, large 
ſtakes are driven into the bed of the river, at the places where 
the anchors lay, and the boats are faſtened to them with 
ftrong cables. And when there is any reaſon to apprehend 
that the enemy have a deſign of ſending down with the cur- 
rent, boats filled with combuſtibles to ſet fire to the bridge, 
a ſtrong iron chain ſhould be ſtretehed acroſs the river, and 
ſupported by flakes at about 1+ foot above the ſurface of 
the water. 

38. When the bridges are made, and the roads repaired, 
the train of artillery, &c. ſets off, divided into ſeveral con- 
voys : for if the whole moved at once, the line of march 
would be nearly 17 miles; ſince each pair. of oxen takes 
up at leaſt 10 feet, and each carriage about the ſame. The 
diſtribution thould be made into four parts ; this will enable 
the officers to pay more attention, will render the march 
leſs troubleſome and tedious, and they will be more amply 
ſupplied with proviſions and forage on the road. 

In the firſt convoy ſhould be ſent the intrenching tools 
of ail ſorts, that the troops may proceed to throw up lines 
and open the trenches, together with every article belonging 
to the laboratory, and a certain proportion of ſhells and 
powder ; that the laboratory may be inſtantly eſtabliſhed, 
and the neceſſary preparations made for the enſuing ſiege. 

The ſecond convoy ſhould be compoſed of the guns 
intended for the royal battery, the mortars for the ſecond 

parallel, 
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parallel, and about 200 rounds of 'ammunition for each 
gun; together with the ſleepers and planks for the platforms. 

In the third convoy ſhould be forwarded the guns and 
ſtores that will be ſooneſt wanted ; and the fourth ſhould 
include every other article contained in the inventory, A 
ſtore keeper and deputy ſhould accompany each convoy: 2a 
commiſſary of artillery and ſome clerks of ſtores ſhould be 
likewiſe ſent to take account of all iſſues. The ſtores in 
each convoy ought to be claſſed under the proper head, 
that every thing may be kept dictinct, and without con 
fuſion : at the head of the line of artillery, ſhould be a 
waggon carrying a gin and hand jack, with proper ropes 
and tackles, in caſe any of the guns are,overſet ; the guns 
ſhould follow next on the block carriages, and then their 
carriages, ſtores, &c. in the order laid down in the inventory. 

The drivers are divided into companies from 40 to 60 
each, under the direction of a conductor, who has the 
charge of the carts, and is reſponſible that the drivers are 
attentive to their duty, 

39- The detachment from the royal regiment of artil- 
lery, intended for the ſervice of the fiege, is alſo divided 
in as many detachments as there are convoys, and the 
command of each is given to the eldeſt officer ; who pre- 
vious to the march, gives the neceſſary directions to his 
ſubalterns. When there are guns in the convoy, he poſts. 
the moſt experienced non-commiſſioned officers and gunners 
on the flanks, to direct the drivers in the turnings and hol- 
lows of the roads, that the carriages may not be overſet 
through their unſkilfulneſs or negligence ; a ſubaltern off - 
cer ſuperintends this particular duty : another ſubaltern 
and a party is detached to the powder ; and the remainder 
is divided into three parts; of which one forms the van- 
guard, the ſecond the rear-guard, and the third is diſtri- 
buted in a ſingle file from front to rear, to prevent the line 
of march from being broken. A non-commiſſioned officer 
and ſome privates ſhould be ſent forward, to extinguiſh all 
fires in the houſes on the fide of the road. If the number 
of artillery-men be inadequate to, theſe duties, the com- 
manding officer ſhould apply for a detachment of infantry. 
Matters being thus adjuſted, the drummers at break of day 
beat the general; and an hour afterwards the a mb y, when 
the drivers harneſs their oxen ; and at the third fignal, the 
convoy moves in the order before-mentioned. At the 

firſt 
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firſt ſignal, the quarter-maſter with the camp-colour-men 
and a waggon-maſter, goes forward to the place where it is 
intended to halt, in oder to prepare quarters and forage, and 
chooſe a ſpot for parking the artillery ; it ought to con- 
tain all the * drawn up in a ſquare, leaving between 
each file a ſpace ſufficient for harneſſing and unharneſſing 
the oxen. Ihe park is formed as faſt as the carriages arrive; 
and guards poſted for the ſafety of the powder and ſtores, 
and to prevent the deſertion of the drivers. The forage is 
diſtributed in ſuch proportions, that the cattle may be able 
to continue their route at the appointed time. I he guards 
furniſh rounds and patroles during the night, and allow 
no perſon to approach the park, unleſs ſent by the com- 
manding officer. The fame order of march is reſumed 
the next and following days, till the convoy reaches its 
deſtination ; never moving more than 14 miles a day, eſpe- 
cially with oxen, To prevent confuſion, the drivers are 
obliged to keep the ſame place during the whole march ; 
and for the ſake of puniſhing irregularity, each carriage is 
numbered, and the driver wears a ticket in his hat. 

40. When part of the ſtores are carried on beaſts of 
burthen (23), in making up the ſeveral convoys, they thould 
be kept totally diſtinẽt from the carriages ; and the officer 
who goes forward to mark out the park, ſhould pitch on 
one or two houſes for lodging the ſtores, where they 
may be ranged in their ſeveral claſſes, and the powder and 
other articles effectually ſheltered from rain. If no ſhelter 
can be found, ſome mules laden with planks and ſleepers 
ſhould march at the head of the convoy, to make platforms 
tor keeping the articles that may be damaged by wet, from 
touching the ground; and oil-cloths with which every 
mule ought tv be provided, ſhould be laid over the 
whole. 

41. When the artillery and its appurtenances are to be 
tranſported in boats, ſome ſkids. ſhould be laid under the 
guns and mortars, and ſmall floors made of planks for 
ſupporting the ſhot, ſhells, match, &c. always leaving a clear 
ſpace in the middle of the boat for bailing. 

The ſtores are tranſported in waggons from the maga- 
zines to the place of embarkation, which ſhould be ſpa- 
cious enough to admit of many men being employed at 
the ſame time, without confuſion or danger of mixing 


the ſteres of different ies together. 
ie ſteres of different ſpecies tog When 
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When there is a ſufficient number of boats, the whole 
ſhould ſet off at onee, and form but one convoy; but when 
from the ſcarcity of boats, ſeveral trips muſt be made, the 
preceding directions for land-carriage ſhould be attended 
to, and a detachment of artillery ſent with each convoy, 
reinforced, if neceſſary, by a party of infantry : a particular 
d compoſed ſolely of artillery-men, ſhould be put on 
— the powder- boats, which in the evenings ſhould be 
moored at a diſtance from the others. The place of de- 
barkation having been pointed out by the commander in 
chief, to the officer who was ſent forward to the camp (33) 
the carriages which that officer has provided are ready to 
receive the guns and ſtores when the boats arrive, and 
tranſport them to the park. The landing-place ought 
to be ſpacious and commodious, and a working party f 
infantry without arms ſhould aſſiſt in unloading the boats. 
42. It is taken for granted, that the country, through 
which the convoy is to pals, is entirely clear of the enemy's 
troops; ſo that the guard will only have to prevent 
emiſſaries or marauders from pillaging or privately ſetting 
fire to the ſtores, or endeavouring in any other method to 
deſtroy them. or impede the march. 
But if the country be infeſted with flying parties of the 
enemy, it will be neceſſary to take other precautions with 
regard to the march and halts of the convoys ; according 


' as the danger ſeems more or leſs preſſing. The train of 


carriages, &c. thould be drawn up it poſſible in ſome ſecure 
place, as a walled town. In caſe of parking in the open 
country, a ſtrong ſpot {ſhould be pitched on, and the acceſ- 
fible points fortified with palliſadoes or abbatis. 

43- The neceſſary diſpoſitions to be made in marching 
through a ſuſpected country, may be reduced to the fol- 
lowing caſes ; when there is apprehenſion from flying par- 
ties only, detachments to check their incurſions are poſted 
in the towns and places contiguous to the route of the 
vg and a ſufficient eſcort marches with it for its pro- 

on. 

When the convoy is expoſed to be attacked by a con- 
ſiderable body of troops, there are three methods of covering 
it: the firſt, by marching a corps ſuperior in number to the 
enemy, between them and the convoy, till it reaches the 
camp; this ſuppoſes but one convoy: if there be ſeveral, 
this corps mult advance to 5 follow their motions, 

2 and 
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and keep them in check, till the whole have paſſed. When 
the line of march can be covered by a large river, this 
route ſhould be preferred, though it may be the longeſt, 
The third method is when the eſcort that marches with the 
convoy is ſtrong enough to repel any attack of the enemy : 
the artillery ſhould in this caſe contribute towards it's own 


defence; it is neceſſary therefore to enlarge a little on this 


head. 

In openchampaign countries, the van and rear guards 
conſiſt of cavalry ; the infantry, which is the main part of 
the eſcort, forms tlie centre. But in a ſtrong country in- 
terſected by rivers or canals, by foreſts, moraſſes, ravines, 
or defiles, the number of infantry is increaſed, and the 
cavalry diminiſhed, by ſubſtituting in their place dragoons, 
who occaſionally act as cavalry or infantry. If the route 
lie through a mountainous country, the eſcort is compoſed 
ſolely of infantry. 

The command of a numerous eſcort is generally given 
to a general officer, who makes the following diſpoſition 
previous to the march, that every perſon may know their 
poſts in caſe of attack: a few hours before the convoy ſets 
out, he ſends detachments to reconnoitre the country, and 
divides his troops into four parts ; the firſt forms the van- 
guard, the ſecond the rear-guard, and the third, which is 
tne largeſt, and conſiſts ſolely of infantry, is reſerved for 
the centre: the fourth part is diſtributed in ſmall detach- 
ments along the flanks, to ſeize poſts and occupy crois 
roads, &c. till relieved by the rear-guard, When the road 
is 25 feet wide, the carriages move two a breaſt, to ſhorten 
the line of march, and be the more ready to repel an attack, 

Previous to croſſing a bridge, or entering a defile, the 
country on the other ſide ſhould be reconnoitered for fear 
of an ambuſcade, and the carriages drawn up in ſeveral lines 
cloſe to the bridge, that the eſcort may be as much as poſ- 
ſible collected together: on moving forward, the former 
order of the march is reſumed. If during the march an 
order be given to prepare for action, the 2 ow of artillery 
will inſtantly form the carriages into an oval cr oblong 
figure, preſenting the longeſt ſide to the enemy, with the 
heads of the horſes or oxen turned toward the centre, that 
there may be no poſſibility of their running away : the 
infautry may be ſometimes compelled to retire behind the 
line of carriages, the powder waggons therefore for fear of 

accidents 
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iecident ſhould be placed in the centre. But when from 
the nature of the ground, it is impoſſible to form in this 
manner, the carriages ſhould be drawn up in two or more 
lines, that the infantry may retire behind them, always 
placing the powder waggons at a diſtance. The guns 
mounted on travelling carriages ſhould be placed in ſitua- 
tions, where from the nature of the ground, and the diſpo- 
ſitions of the enemy, their fire may have the greatelt effect. 
When the convoy conſiſts of beaſts of burthen, they ſhould 
be drawn up cloſe to each other, and in one line, that the 
infantry may from behind them as a parapet, direct their 
fire againſt the m_ 

Strict orders ſhould be given to the drivers under the ſeve- 
reſt penalties not to unharneſs before they are ordered; 
which can only be, when the eſcort is obliged to abandon 
the convoy: the artillery-men ſhould in that caſe, before 
they retire, privately diſpoſe ſome fire that it may commu- 
nicate to, and blow up the powder and ſtores, ſo ſoon as the 
eſcort is out of danger. 


C HAP. III. 


i 
Or THE Park or ARTILLERY. 


45. Tu E park of artillery ſhould be eſtabliſhed in a 
ſecure place out of the reach of cannon-ſhot from the town, 
and as near as poſſible to the front attacked: it ſhould be 
ſo ſpacious that the different ſtores may be ſeparately claſſed, 
and loaded or unloaded without delay or confuſion. With 
theſe requiſites it is indifferent whether its figure be regular 
or not. 

The carpenters, miners, and ſmiths ſhops are fixed 
in the houſes contiguous to the park; when there are no 
convenient houſes, ſheds are made of planks covered with 
oil-cloths. A large houſe at a proper diſtance from the 
park is choſen for the laboratory ; and ſome detached build- 
—— with walls and hedges for lodging the 
powder. 2 

46. The waggons ſhould be unloaded as faſt as they 
arrive at the park, and ſent back; reſerving a proper num- 
yer for tranſporting the guns and ſtores to the batteries, 
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The guns are drawn up in one or two lines; the 32 pre, 
mounted on their carriages ; and the whole furniſhed with 
fide-arms, coins, hand-ſpikes, and limbers, to be ready 
for ſervice. The mortars are left upon the block waggons ; 
and the ſhot of different diameters ſeparated from each 
other. The intrenching tools are depoſited at the park; 
the artificer's tools ſent to the reſpective work-ſhops ; and 
the laboratory ſtores to the laboratory; the powder is 
lodged in the buildings allotted for it ; a ſpace is left for 
the waggons that are to remain; and the tents of the 
artillery-men are pitched where they can beſt guard the park. 

During the night a patrole goes conſtantly round the park 
and laboratory, to keep off pillagers or ſcouts of the enemy, 
and guard againſt fire; ſuffering no ſtranger or idle perſon 
to approach. A ſtrong guard is ſtationed over the pow- 
der magazine, allowing none to come near it but thoſe 
who are known to have buſineſs. All theſe guards ſhould 
be furniſhed by the infantry, that the artillery- men may not 
be diverted from other neceſſary duties. 4 

47. Things being thus diſpoſed, the artificers are ſet 
to work ; the carpenters to prepare timber for conſtructing 
bridges over the ditches, and laying the platforms of the bat- 
teries : the miners to make ready the frames for the deſcent 
into the ditch; and the attack of the countermines ; and the 
ſmiths to repair any of the iron work that may have been 
damaged. 

The ſenior officer of the bombardiers ſuperintends the 
laboratory. All the combuſtible articles are lodged, the 
tompoſitions mixed, and the fuſes driven in the rooms 
leaſt expoſed to accident; and the ſhells and grenades are 
loaded under a ſhed feparated from the other buildings. 
Three or four ſmall furnaces are erected in convenient 
places for melting the pitch and glue. 

The working hours are regulated, and the greateſt ho- 
neſty and ſobriety recommended. The floors of the rooms 
where the fuſes are driven, and the compoſitions mixed, 
are covered with oil-cloths : all iron tools are forbid to be 
uſed ; no perſon is ſaffered to bring in fire of any kind, 
nor ate any of the people employed at the furnaces allowed to 
enier the houſe: the loaded ſhells are put by themſelves. 
The bombardiers ſhould reject all ſplit or rotten fuſes, 
left the ſhells burſt immediately on being fired; they ſhould 
be careful not to make them too. thin, leſt they ſplit in 
| 75 driving; 
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driving; and to cut them of a proper length: for, when 
they touch the bottom of the ſhell, the head being too long, 
may ſtrike againſt the mortar when fired, and break off, 
ſo that the ſhell will not burſt. The ſhells ſhould be exa- 
mined before they are loaded, and thoſe rejected that do 
not ſtand the water proof. 

The faſcines ſhould not exceed 10 feet in length; thoſe 
of 20 feet are only uſed when the works are intended to 
ſtand a long time; as they are more ſolid than works made 
with ſhorter ones. 


CHAP. N. 


Or Tus ConSTRUCTION OF THE FIRST BATTERIES. 


48. Tu E object of the beſieger, in the conſtruction of 
his firſt batteries, is to diſmount the cannon in the front 
attacked, deſtroy the embrazures, and harraſs the garriſon 
ſo much in the ſeveral points of defence, that they may be 
obliged to abandon them, or at leaſt ſlacken their fire; that 
the approaches may be carried on with more expedition 
and leſs danger: 32 and 16 prs. are uſed for this purpoſe 3 
the batteries are conſtructed with embrazures, and ſituated 
ſo as to fire directiy againſt the works: the edifices in the 
town are likewiſe cannonaded from theſe batteries (19). 
The beſieged are perpetually harraſſed along the front at- 
tacked, with ſhot and ſhells fired d richochet ; the batteries for 
this purpoſe are made without embrazures, on the faces of the 
attacked works produced; whence they are enfiladed with 
great preciſion and effect. | 

49. There are three kinds of batteries with embrazures z 
ſunk, level, or raiſed on cavaliers ; the firſt require fewer 
workmen, and are ſooneſt made, wherefore they are always 
preferred when the ground permits : thoſe on cavaliers are 
never erected but through neceſſity, their conſtruction being 
very tedious and laborious. 

PI. 1.) If the ground at the points G, H, K, be ſome feet 
Hi than at P, Q, the batteries erected at G, H, K, m 
be ſunk. If G, H, K, and P, Q, be on the ſame — | 
the batteries may be likewiſe level ; and when the ground 
at P,Q is higher than at G, H, K, fo that the ſap cannot 
be carried on without the ſappers being endangered by - 
| * R 4 e 
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fire from the batteries G, H, K, then they muſt be raiſed 
on cavaliers. Mortars and richochet batteries ſhould be al- 
ways ſunk ; they may be made in the approaches, which 
will fave time ; and they will be leſs expoſed to any at- 
tempts of the enemy. The mortar batteries, L, N, O, 
and the richochet batteries M, O, are ſunk in the parallels, 
Batteries for red-hot ſhot may alſo be ſunk in ſome part 
of the trenches. It having been demonſtrated in the trea- 
tiſe on projectiles, that the path of a projectile is always a 
curved line, whatever be its initial velocity, or length of 
range, it is evident that the direct fire mentioned above, 
can only be relatively reputed ſuch in practioe: for, to 
expreſs in few words the difference between two lines of 
projection, one of which is direct, or, more accurately ſpeak- 
ing, the curvature of which is but ſmall, and of the other, 
large; if we ſuppoſe the beſieged to be covered by the 
parapets from the former, they will be expoſed to the latter. 

50. The object of the firſt batteries being to diſmount 
the artillery that may impede the progreſs of the ſap (17, 
48); the fire from them ſhould be nearly perpendicular to 
the faces of the works attacked, and at a proper diſtance ; 
that is to ſay, from 400 to 550 yards from the covered way : 
when at a greater diſtance, the ſhot will often be of no 
effect; and when nearer, they will be too much expoſed to 
the muſquetry of the place. Upon this principle, it ſometimes 
happens that two batteries are joined together, and preſent 
a faliant or re- entering angle towards the place; and at other 
times are entirely ſeparate :; this difference proceeds ſolely 
from the diſtance between the battery and place, and the 
relative fituation of the works. 

(Pl. 1.) In this caſe, there are but three batteries with 
embrazures, viz. G, H, K; each of which has two faces 
preſenting a ſaliant angle towards the place. 

If theſe batteries were erected at the points R nearer to 
the place, the faces would be ſeparated, and there would be 
fix ſingle batteries R: again, if they were erected at S, far- 
ther diſtant than G, H, K, there would be three batteries, 
each preſenting a re-entering angle towards the place ; and 
if carried-farther back as to 1, there would again be fix 
fingle batteries. | 

f, inſtead of varying the diſtances of the batteries from 
the place, we ſuppoſe a difference in the relative poſition 
of the works, the batteries in order that their fire may be 

perpendicular 
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icular to the faces of the works, muſt be erected 
more to the right or left, which will occaſion fimilar 
changes in their figure and ſituation. g | 

Some artilleriſts having obſerved that the batteries 8, T 
eſtabliſh a croſs fire, concluded that they were preferable to 
batteries G, H, K, the fire from which does not croſs ; but 
to deſtroy ſo erroneous an opinion, it is ſufficient ro recolle& 
that a croſs fire is only advantageous when the point of in- 
terſection falls on the object to be battered, when being 
thus taken in front and flank, the effect is greater. The 
lines of direction G A, LA, are preciſely of this kind, as 
they batter in front, and enfilade at the ſame time the face 
A; whereas in the croſs fire X A, X B, * the lines 
of direction interſect each other at the point Y, yet their 
effect upon the faces A, B, is the ſame as if they did not 
interſect each other, and were drawn from the battery G. 

By help of the directions given in this and the firſt chap- 
ter, it will be eaſy in every caſe to determine the number, 
ſituation, direction, and kind of batteries moſt proper for 
battering the works, demoliſhing the buildings, breaking 
through caſemates not conſtructed with ſufficient ſolidity, 
and cannonading with red-hot ſhot; it only remains then 
to point out the method of conſtruction. 

51. In regular ſieges, batteries are conſtructed with faſ- 
eines and pickets to give them the requiſite ſolidity. 

So ſoon as the engineers have carried on the approaches 
to the places where the firit batteries are to be erected, the 
commanding officer of artillery makes a diſpoſition of his 
officers : he detaches a captain to each of the moſt conſi- 
derable batteries as G, H, K, and puts under his direction 
a competent number of ſubalterns, non-commiſſioned offi= 
cers and gunners.; he then accompanies the eldeſt of the 
captains to the ſpot where the battery is to be erected, and 
traces it out with pickets, leaving an interval of 20 feet 
between every two guns; he does the ſame at the other 
batteries in ſucceſſion, The captain of the firſt traced bat- 
"7 returns to the magazine, where all the artil men 
and parties of the line that are to work at the conſtruction of 
the batteries during the night, aſſemble before ſunſet, The 
adjutant of artillery makes the diſtribution of pioneers, in 
proportion to the extent and kind of battery, allotting 14 
or 16 men to every 20 feet in length, when the battery is 
to be with embrazures, and ſunk; and 20, or 25 when it is 
to be raiſed, the exact number of men being a + 
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the diſtance from the park. At ſunſet, the captain takes 
the major part of the ſubalterns, and a few men to ca 
faſcines, pickets, and mallets, and marks out the battery; 
makiog his detachment obſerve the roads and turnings, that 
the men who bring up the ſtores may not miſtake the way ; 
which frequently happens when this precaution” is neglected, 
particularly if the road does not run along the trenches of 
communication, but acroſs fields and meadows. While 
the captain is thus employed, the ſubalterns and a part of 
the non-commiſſioned officers return to the park: the pi- 
oneers are by this time divided into ſquads, and provided 
with ſhovels and pick-axes alternately ; they then load 
themſelves with faſcines and pickets, and each ſquad with an 
officer in front, and a non- commiſſioned officer in rear, pro- 
ceeds with all expedition to the battery; à ſerjeant marching 
on the flank to make the men keep their files, and prevent 
the line from being broken, or any unneceſſary delay. When 
the ſquads arrive at the battery, their work is pointed out; 
one or two being reſerved to tranſport the reſt of the ma- 
terials from the park to the battery. 

$2. In ſunk balterics, the interior face is traced parallel 
| to the exterior at 20 feet diſtant ; and on both faces, pickets 
are planted at every 20 feet to mark the centre and direc- 
tion of each embrazure. On the interior face, 12 inches 
are ſet off to the right, and as many to the leit of each 
picket ; and on the exterior face 44 fe to the right, and as 
many to the left, which gives the form of the merlon. A 
trench is then dug on the interior face 2 feet deep, and 
lined with faſcines picketed to the ground : to give the battery 
greater ſolidity, a ſtratum or layer of long pickets is placed 
with the heads reſting on the upper faſcines ; theſe heads which 
are about 6 inches in diameter form part of the interior re- 
vetement: the remainder of the merlon is traced with faſcines 
picketed to the ground. 

The ditch is then enlarged towards the country, and the 
earth thrown into the merlons: in proportion as they are 
raiſed, other faſcines are placed, and a layer of long | pe laid 
between every two rows of faſcines along the fides of the 


embrazures, and between every three rows along the interior 
and exterior faces; the ſlope on both faces is a fourth part of 
the height. In general, the merlons are not raiſed above three 
feet the firſt night. At day break the workmen are relieved 
by a freſh working party, and the ground levelled, that the 


carpenters may lay the platforms. At ſunſet a freſh party 
| completes 
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tompletes the battery, conſtructs the powder magazines, 
and mounts the gutis on the platforms as faſt as they arrive, 
that the battery may be ready to open at break of day. 
While the batteries are erecting, a part of the line ma 
two trenches of communication between the flanks of the 
battery and the neareſt parallel; this detachment is likewiſe 
relieved every 12 hours. | 
53. In level batteries, the figure is firſt marked out with 
faſcines picketed to the ground, and not leſs than 20 feet 
allowed for its thickneſs when the ſoil is firm and tena- 
cious, and 25 feet when it is light or —_ leaving a berm 
5 or 6 feet wide on the exterior fide. The workmen then 
begin to dig the ditch, throwing up the earth to raiſe the hat- 
tery ; upon the ſecond faſcine, on the exterior face is placed 
a layer of long pickets, and on the interior face another row of 
faſcines, which gives the height of the cell of the embra- 
zure. The ditch inſtead of being widened ſhould be deep- 
ened as much as poſſible the firſt night, that the pioneers 
may the next day work under cover. The battery is ſeldom 
raiſed above 24 feet high the firſt night: the merlons are 
traced in the manner before direted. At break of da 
this working party is relieved by another conſiſting of half 
their number ; * enlarge the ditch all the day, throwi 
the earth to form the battery or merlons, if 
hen the embrazures have not been marked out, the 
ſenior officer plants the pickets at fun-ſet for determining 
their direction, and completes the tracing of the merlons 
at the arrival of the freſh working party, which ſhould be 
as numerous as in the preceding night; for the ſake of 
diſpatch, a proportion of work is allotted to each man, that 
the batrery rhay if poſſible be finiſhed that night, which 
however rarely happens when the nights are ſhort. During 
this night alſo the platforms are laid, and ſome guns brought 
to the battery, if they be covered from the enemy's. fire 
during the next day. The following day and night are 
employed in conſtructing the powder magazines, completing 
the batteries, and preparing every thing for opening them 
on the third morning at ſun riſe. During the firſt night 
alſo, the communications between the flanks of the batteries, 
and the neareſt parallel are made, that in caſe of a ſally from 
the 2 every part of the trenches may be mutually ſup- 
porte | 


54. In conſtructing batteries on cavaliers, the firſt ſtep is 
to raiſe the ground to the ſame height as the intermediate 
ground 
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ground between the battery and the place. Too many 
ioneers cannot be employed in this work during the night; 
but during the day ſo many only as can be covered from the 
enemy's fire; and to expedite the work, the foil neareſt at 
hand is uſed. The breadth at top ſhould be at leaſt 45 feet, 
and the ſlape two thirds of the height, A berm of 5 feet 
is left towards the place, and the dimenſions of the battery 
are the ſame as before directed (53). In the rear of the 
battery a proper ſlope is made for the drawing up the cannon, 
and adjoining to it is conitructed the powder magazine. 
© "The battery for ſchool- practice on the other fide of the river 
Po will convey a juſt idea of this ſpecies of battery, and be 
at the ſame time a convincing proof that, works which re- 
quire ſo much time and labour, ſhould never be undertakea 


at a fiege, without an abſolute neceſſity. 


It has been advanced by ſome authors, that the firſt bat- 


teries ſhould always be erected on cavaliers, even if the 


ground be on the ſame plane with the place, that greater 
part of the ramparts may be thereby diſcovered : but if we 


reflect how high the cavalier mult be raiſed betore a ſingle 


foot of the revetement can be ſeen, it will appear that ſuch 


a trifling advantage by no means compenſates for the loſs 


of time and labour; belides, as the firſt batteries are intended 
to diſmount the artillery of the place, and deſtroy the de- 
fences, this end will be fully anſwered when the beſieger 
from them can ſee his objects without endangering the lives 


of the fappers, or 82 their progreſs. 


55. So ſoon as the ſecond parallel is completed, the firſt 
richochet and mortar batteries are conſtructed at the points 
whence the faces of the covered way, and the attacked 
works can be enfiladed with moſt effect (17). Theſe bat- 
teries ſhould be completed in twenty-four hours ; where- 
fore, 14 or 16 pioneers are allotted to every 20 feet; the 
parapet is faced with faſcines, and the trench enlarged as 
much as may be neceſlary : paſſages of communication are 
made round the rear, to prevent any embarraſſment ; and 


the powder magazine is conſtructed in the ſpace between 
this communication and the battery, When the richochet 


batteries can' be incommoded by a plunging fire from the 


cannon of the ramparts, embrazures ſhould be made from 
6 to 8 feet wide, ſloping inwards : by this expedient the 


guns will be concealed, and may be placed clofer to the 


parapets. When the ſappers begin the third parallel, — 
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fire from the richochet batteries ceaſes ; ſome royal mor- 
tars are then placed in the ſecond parallel to annoy the 
troops in the covered way; and for the ſame purpoſe, 
ſome ſtone mortars are brought into the third parallel, 
ſo ſoon as any part of it be finiſhed. The batteries 
for theſe pieces need not be faced with faſcines, unleſs the 
ſoil de ſandy ; it being ſufficient if they reſiſt the ſhock of 
the diſcharge. | * 

56. The guns and mortars are drawn to the batteries 
during the night, along the roads leaſt expoſed to the ene- 
my's fire : proper bridges having been previouſly laid over 
the trenches for their paſſage: the horſes ſhould be changed 
where the ground is level, and any that are killed or wound- 
ed immediately unharneſſed. 

If the road be expoſed to the fire of the enemy's muſ- 
quetry, two or three guns only ſhould be brought forward 
at a time, to avoid the confuſion that ariſes when any of 
the horſes or drivers take fright, In mountainous fitua- 
tions, where the muſquetry of the place has a t com- 
mand, new roads for the cannon ſhould if poſſible be made 
leſs ſteep and expoſed. In ſteep and winding roads that 
cannot be made practicable for horſes, the guns muſt be 
dragged by men: when this muſt be performed under the 
fire of the place, ſtrict filence and regularity ſhould be ob- 
ſerved, and the whole halt and move forwards at once, 
by ſignal from the commanding officer, 


CHAP. V. 


Or Tur DAILY SERVICE OF THE FIRST BATTERIES. 


„ Tux batteries being compleated, the general of 
the trenches for the day gives an order for them to open; 
and immediately each battery directs its fire againſt its par- 
ticular object. | a 

The richochet and mortar firing is continued, but the 
direct firing ceaſes during the night. By uſing moderate 
charges, loading the guns with care, and pointing them 
with accuracy, the ſervice will be carried on with preciſion 
and effect: for when the guns in the firſt batteries are fired 
with the charges that produce the longeſt ranges, the object 
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is frequently miſſed from the violent ſhock that the carria 
ins, a great quantity of ammunition is uſeleſsly expended 
and the guns are often rendered unſerviceable, before the con- 


cluſion ot the ſiege. | 
38. In making the diſtribution of artillery-men, the fol- 
| lowing is the proportion to be relieved every 24 hours; viz, 
eight men to a 3a pr. fix to a 16 pr. 13 inch or ſtone mortar; 
four to an 8 pr. and 10 inch mortar ; and two to a royal 
mortar. An officer and non-commiſſioned officer are at- 
tached to every 4 or 6 pieces; and when a battery contains 
a greater n it is commanded by a captain. 

59- The object of the direct firing is to diſmount the ar- 
tillery and ruin the defences, that the garriſon may be unable 
to work their guns when the beſieger has eſtabliſhed himſelf 
with his muſqueiry in the ſecond or third parallels. The 
firing from any battery ſhould never be diverted from the 
particular object againſt which it is intended to any other, as 
ſuch deſultory operations are generally inefficacious towards 
the reduction of the place. The common rate of firing 
from baticries at a ſiege is at moſt g rounds an hour from each 


1 richochet firing, the guns are elevated between 8˙ 
and 12*; and fired with very ſmall charges, juſt ſufficient to 
throw the ſhot over the parapet or into the covered»way ; 
that it may afterwards make ſeveral bounds: the proper 
charge having been aſcertained, is put into flannel cartridges; 
that the powder being always collected together in the ſame 
manner the inflammation may be uniform ; and fince the 
firing is to be continued day and night, the coins and plat- 
forms ſhould be marked that the elevation and direction may 
remain the ſame. 

In batteries for throwing red-hot ſhot, a large iron grate 
is fixed behind the battery; the ſhot are laid in it and a 
ftrong fire kindled : the proper charge for throwing the ſhot 
into the place with an elevation from 8 to 12“ is put into 
the gun with a wad and turf over it; then the gun being 

inted and primed, a gunner ſpunges it out with a wet 
— and with a pair of pincers puts the red-hot ſhot into 
the gun, and another gunner inſtantly ſets fire to the priming 
with a match. Theſe batteries likewiſe fire night and day; 
but as the guns are ſoon heated, the firing ceaſes at proper 
intervals to allow them time to cool. 


60. T be mortars intended to enfilade the works in order to 
diſmount 
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diſmount the artillery and harraſs the beſieged, ſhould be laid 
at ſmall elevations, that the ſhells may not bury themſelves : 
and when from the ſmall extent of the work to be enfiladed, 
this method would produce no effect ; the charges ſhould be 
diminiſhed and the elevation fixed between 35 and 45*, 
being that, as has been already obſerved, which is leaſt liab 
to irregularity, Mortars deſigned for breaking through caſe. 
mates ſhould be fired at the higheſt elevation and with the 
largeſt charges, that the ſhells may produce the greateſt effect, 
ſuppoſing they fall on a horizontal plane: but if it be inclined, 
the charge muſt be ſo combined with the elevation as ta 
cauſe the greateſt poſſible ſhock. The ſolution of this pro- 
blem may be found in the eſſay on projectiles. Seldom more 
than 5 rounds from each mortar can be fired within the hour, . 
from the very great attention neceſſary in loading and laying 
them. The ſchool practice will ſhew the ſervice of ſtone 
mortars at ſieges; the ſhowers of ſtones projected from them 
produce great effect when fired at an elevation between 40? 
and 50% and with a range not exceeding 270 yards. 

61. In caſe of a general ſally of the garriſon, the officers 
will direct as heavy a fire as poſſible from the batteries againſt 
them, bring ſome of the guns to the flanks of the battery to 
cover the adjoining parallel; and uſe round orcaſe-ſhot accord- 
ing to circumſtances. There are frequently ſome field pieces 
placed on the flanks of the places of arms for checking ſor- 
ties. If, in ſpite of theſe diſpoſitions, the guard of the 
trenches is overpowered, and the enemy are on the point of 
getting poſſeſſion of the batteries; the artillery men ſhould 
dilcharge all the guns, and carry the ſide · arms into the paral- 
lel in the rear, leſt the enemy turn the guns upon them, 
But theſe enterprizes cannot be of long duration, for as ſoon 
as the beſiegers advance in force, the garriſon will be com- 
pelled to retire; the artillery-men ſhould then inſtantly re- 
turn to their batteries; and in the firſt place examine the 
magazines to ſee that the enemy have not concealed any fire 
in them; they ſhould then recommence their fire againſt the 
troops of the ſortie, and when the action is over repair any 
damage that may have been done to the battery. 

62. The commanding officer of artillery will viſit the bat- 
teries every morning to ſee that the fire be well directed, 
and examine the effects of the preceding day: he will then 
go and make his report to the commander in chief of every 
thing within his department, and ſubmit to him his ideas — 
4 the 
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the future conduct of the fiege : he will viſit the batteries 
again in the afternoon, taking with him a ſtaff officer, to 
take notes of what ammunition will be wanting for the cur- 
rent ſervice of the following day, and what caſe-ſhot and 
flannel cartridges, to enable the batteries to keep up a very 
cloſe fire in cafe of fallies: he will alſo examine whether the 
magazines of the centre and flanks of the ſecond parallel be 
provided with cartridges and flints for the infantry. On his 
return to the park, he will direct the articles that are to be 
ſent to each battery to be ſeparately prepared; and delivered 
over to the non-commiſſioned officers and privates detached 
in the evening to receive and conduct them at cloſe of day, 
along the roads that lead moſt directly from the park to their 
reſpective batteries. | | 


CHAP. VI. 


Or Tar StconD AN p TRHRD BATTERIES. 


63. I T being the object of the ſecond batteries to make 
practicable breaches in the works, they ſhould be combined 
two and two together in ſuch a manner, that while one bat- 
ters in breach the other may play on the defences that cover 
the breach. The ſecond mortar- batteries will be properly 
diſpoſed, if white one bombards the work that the beſieger 
intends to give the aſſault to, and prevents the garriſon from 
throwing up intrenchments within it, or at leaſt retards their 
conſtruction ; the other directs its fire againſt the works that 
defend the breach : ſo that the garriſon may from the conti- 
nual ſhower of ſhells be compelled to abandon the defences ; 
or, if they perſiſt in remaining, be expoſed to great loſs. 
64. When the trenches are advanced under the fire of the 
firſt batteries far enough to eſtabliſh the batteries in breach, 
the artillery-men will conſtruct them on the points whence 
their fire may the moſt ſpeedily and effectually render the 
breaches practicable. | | 

If the profiles of the works be advantageous for defence, 
and there be no commanding points, the batteries in breach 
and the collateral batteries muſt be erected on the creſt of the 
glacis; but if there be a rifing ground, whence at leaſt half 
of the circuit of the place can be ſeen, and any points _ 

I 
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to but lower than the works, whence they can be. battered 
with effect, as in the caſe of the place being built on an 
eminence and much expoſed ; then the batteries in breach 
ſhould be erected on theſe points and collateral batteries eſta- 
bliſhed to deſtroy the defences. 

Each battery ſhould be erected oppoſite to that part of the 
fortification which it is intended to batter; and the breach 
will ſooner be rendered practicable, if ſome guns can be 
brought to bear upon it obliquely. The ſervice of the mor- 
tars will be moſt exact, when their batteries are perpendicular 
to the faces produced of the works that are to be bom- 
barded; thoſe for the ſtone-mortars ſhould be eſtabliſhed in 
the moſt advanced lodgements, taking care that the ſtones 
from their ſpreading can do no injury to the beſiegers. 

bs. The third batteries are conſtructed on the outworks 
of the place: when there are two lines of out-works, the 
beſieger after reducing the firſt, muſt erect a fourth ſet of bat- 
teries in the outworks moſt contiguous to the body of the 
place; he will alſo be under the neceſſity of doing this, 
whenever the body of the place is conſtructed on a em of 
demolition, or with double baſtions: he muſt determine on 
the ſpot from actual obſervation, whether there be any readier 
or ſurer method of reducing them than by opening breaches. 

66. In the ſecond plate theſe directions (63, 64) are 
exemplified : the battery in breach A is oppoſite to the part 
M M of the face of the ravelin in which a breach is to be 
made, and ſome guns might if neceſſary be placed at I to 
bear on it obliquely ; the collateral battery B is directly op- 
poſite to the part Q that flanks the face MM. The battery in 
breach C is oppoſite to the part N N of the face of the baſtion 
in which a breach is to be made, and if the ground at- C 
does not admit of a ſufficient number of guns, two or three 
may be planted on the face O of the place of arms, or on 
the * 7 made by the ſappers within it; on two bat- 
teries will be ſupported by the collateral batt ſed to 
the flank R, Ps ang 

The face MM of the ravelin and the flank R are enfiladed 
from the mortar battery G; and ſome ſtone-mortars are 
placed at F and E, to project ſtones into the flank R and 
the ravelin P, and interrupt the communication between the 
ravelin and the body of the place. The mortar battery K 
enfilades the ravelin and its communication, and contributes 
to annoy the flank R, and 1 part Q that covers W 


* 
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MM: finally, the mortar battery H enfilades the face N Q, 


as well as the interior of the baſtion. 

If there be a cavalier, tenaille or fauſſe-braie, ſo as to 
make R a double flank, the number of mortars ſhou'd be 
increaſed. 

All the diſpoſitions here laid down for attacking the body 
of a place, are equal applicable to the attack of a more ex- 
tended front, whether covered with horn or crown- works, 

67. With counter guards before the baſtions and ravelins, 
the batteries in breach thould be conſtructed in ſuch a manner 


that after the counter-guards are reduced, the guns may bear 


on the works they covered, in caſe the profiles of the coun. 
ter · guards are too narrow to admit of the third batteries 
being erected on them. Thus, batteries ſhould be erected at 
A, B (PI. 3.) to open a breach at C C correſponding to the part 
K K of the face of the ravelin; and other batteries at D, E to 
open a breach at F F correſponding to the part LL of the face 
of the baſtion. . The collateral batteries ſhould be erected 
agreeable to the preceding maxims; one at G to bear upon the 
flanking part I; and another at H to bear upon M. When 
the beſieger after getting poſſeſſion of the counter-guaids, 
finds himſelf under the neceſſity of conſtructing a battery at 
N to ruin the defences O of the breach K K and another at 
P to ruin the defences Q of the breach L L, and the coun- 
ter-guards are ſo narrow that the guns cannot be brought up 
through the breaches CC, F F to the reſpective batteries 
N, F; he muſt conſtruct four others on the creſt of the 
glacis; viz. one at R to make a breach at N where tle 
guns may be got up, and a collateral battery at S to ruin the 
defences I; a third at V to make a breach at P in order to 

up the guns; and a collateral battery at X to ruin the de- 
tences at Z. Under this ſuppoſition, the number of guns 
for batteries on the creſt of the glacis, will far exceed the 
number requiſite for the firſt batteries; which muſt be allowed 
for in making up the proportion of ſtores (28). 

The rules given for the mortar batteries will be equally ap- 
plicable to this as the preceding caſe (64), and will give the 
ſame poſition Y. | 

68. The batteries conſtructed on the creſt of the glacis 
are always ſunk, ſince the lodgements made there form 2 
parapet. It ſhould never be leſs than 20 feet thick; and for 
greater ſolidity the interior part ſhould be faced with faſcines. 


The diſtance between every two guns is 20 feet, * 


— 


an av as ac mfr ooo o - TM_. ,cr cz cm ..T 


IN TIME OF wax. 275 


of the traverſes of which there fhould be ſeveral to prevent 
the batteries being enfiladed. The interior width of the 
embraz ures ſhould not exceed 20 inches, that the gunners 
may be ſheltered as much as poſſible from the muſquetry of 
the place; without this precaution the ſervice will be much 
retarded. 

If the place be ſo ſituated that it can be battered in breach 
from any of the adjacent points, batteries ſhould be erected 
on them without regarding the lodgments on the glacis ; 
theſe batteries may be either ſunk or raiſed according to the 
nature of the ground. 

The artillery-men being very much expoſed to the ene- 
my's muſquetry during the conſtruction of the ſecond bat- 
teries, the general of the trenches ſhould order a number of 
markſmen to be ſtationed at proper places behind ſand- bags 
or gabions, to keep up a continual fire on the parts whence 
the artillery-men are moſt annoyed. While the batteries are 
erefing, the commanding officer of artillery gives the neceſ- 
ſary orders for moving the guns towards them, cauſing pro- 
per bridges to be laid over the trenches for |this purpoſe. 

If there be a dry ditch in the way, a ſlope may be made 
for getting the guns acroſs ; but it wet, a bridge muſt be 
thrown over. When the approach to the batteries is tole- 
rably level, the guns may be drawn up by horſes one at a 
time, to prevent the confuſion that generally enſues when a 
gun is diſmounted or a driver killed : when the approach is 
narrow and ſteep, the guns mutt be dragged by men. 

69. The batteries for making breaches ſhould fire day and 
night, directing their fire againſt the foot of the wall; and 
afterwards againſt the counterforts : ſince the earth ſaon 
crumbles down, when the counterforts that ſupport the wall 
are beat down. A wall not very thick and ſolid is ſooneſt 
demoliſhed with ſmall charges and an oblique direction: on 
the contrary, the charges that give the greateſt initial velo- 
cities ſhould be uſed againſt walls of great thickneſs, provided” 
there be no danger of the guns becoming unſerviceable before 
the concluſion of the fiege. It will be likewiſe proper to fire 
ſalvoes, i e. to diſcharge all the guns together; as beſide the 
holes made by the ſhot, the adjoining parts are more violently 
ſhattered, even in the moſt ſolid revetements. The collateral 
batteries ſeldom fire during the night, their primary object 
being to diſmount the artillery of the place, and enlarge the 
embrazures ſo as to render it dangerous for the belieged to 
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work their guns. When this ſervice is effectually performed, 
their fire is directed againſt the other parts of the parapet to 
deſtroy all ſhelter for the enemy, and the whole is ſeconded 
by a briſk fire of muſquetry from the beſiegers, that the ar. 
tillery- men being covered may fire with greater juſtneſs and 
preciſion. The ſecond mortar-batteries will fire day and 
night according to the former directions (63, 64). 

70. The third batteries are conſtructed in the lodgments 
made in the outworks, and the ſame precautions taken as 
during the conſtruction and ſervice of the ſecond batteries to 
cover the artillery-men from the fire of the place. 

When there are no outworks but ravelins, and the enemy 
ſeem determined to defend the breach in the baſtion to the 
laſt extremity, ſome guns ſhould be brought, into the lodg- 
ment made in the gorge of the ravelin, to bear on the breach; 
or a mortar-battery conſtructed, to fire inceſſantly into the 
baſtion, to prevent the garriſon from throwing up intrench- 
ments to protract the ſiege. Should the curtain be covered 
by a tenaille or other works, a battery muſt be conſtructed 
in the ravelin to fire againſt it. 

When the baſtions are double, or conſtrued on a ſyſtem 
of demolition, - and a lodgment is completed in the exterior 
baſtion between the ſummit of the breach and the ſecond 
baſtion ; the beſieger muſt erect a third battery to demoliſh 
the interior work, when it can by this method be effected in 
leſs time than by mining. 

F16. III. Should the profiles of the counter-guards admit 
of it, the third batteries may be conſtructed at C C, F F, to 
open the breaches at K K, LL; and the collateral ones at 
N, P to ruin the defences: in this caſe, it may perhaps be 
neceſſary to erect the fourth battery in the ravelin or baition. 
But with narrow profiles, the parts CC, F F, mult be bat- 
tered from A, B, D, E, till they zre ſo completely beat 
down m_ EK, LL, can be battered in breach from A, 
B, D, E. 

The beſieger having made himſelf maſter of a horn of 
crown-work thould erect the third batteries on the terre-plein, 
the interior ſlope, or the gorge, as may beſt anſwer his pur- 
poſe; the mortar-batteries may be placed in the ditch before 
the front of the work. * 

The greateſt difficulty met with in completing the third 
and fourth batteries, particularly when conſtructed on the 
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eounter-guards is in getting up the 32 prs. which from the 
narrowneſs and ſteepneſs is a very troubleſome and tedious 
operation, ſince they muſt be dragged by men. 


SG 


Or Tux ATTACK or CoUNTERMINES. 


71. HirnERTO the beſieger has been ſuppoſed 
to conſtruct his batteries on the glacis and the other parts of 
the out works, without any moleſtation from the counter- 
mines of the beſieged: but it the place be well counter- 
mined and under the direction of ſkilful officers, the eſta- 
bliſhment of the batteries will be a very arduous undertaking ; 
fince in this ſubterraneous war the advantage lies on the fide 
of the beſieged. That the ſecond and third batteries may be 
erected in proper ſituations, and the ſubſequent operations of 
the ſiege not retarded by the ſpringing of the countermines, 
one of the firſt objects of the beſieger is to render them of 
no effe& ; either by filling them with water by means of a 
canal made for that purpoſe ; by rendering the air unfit for 
reſpiration, by throwing into them various compoſitions that 
emit an inſupportable ſtench and ſmoke of a fetid and poiſon- 
ous nature; by making a few fougaſſes to cut off the com - 
munications between them and the body of the place; by over- 
ſetting on the principle of compreſſion, the galleries and bran- 
ches intended to blow up the batteries; or finally, by ſeizi 
poſſeſſion of the countermines along the front of the attack — 
preventing the beſieged from entering into them. But the 
beſieger not having it always in his option to adopt the moſt 
convenient method, even when provided with an exact plan 
of the countermines; and being, when he has no plan, under 
the neceſſity of feeling his way with extreme caution and at 
great hazard; here follows a general idea of each mode of 
attack, that the beſieger may judge which is beſt ſuited to the 
particular exigency. 

72. When the level of the countermines is lower than 
the ditch, ſo that a ſtream of water may be made to flow 
into them, this expedient will be the moſt eaſy and effectual. 
To this end, the pioneers are employed in digging a proper 
canal ; while the miners or into ſquads are — 
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for the principal galleries, either by finking ſhafts or maki 

ſlopes in the glacis; and the inſtant they have diſcove 

2 they make an opening to turn the water of the canal 
to it, 

7 th If the countermines cannot be inundated, the readieſt 
and leaſt dangerous way is to attack them at the entrance, 
which is known to be in the faliant and re-entering angles 
of the covered way, and deſtroy them: the beſieged will 
be then prevented from penetrating into thoſe under the 

lacis. To this end, the ſappers muſt effect a lodgment 

tween the faliant angles of the covered way and the places 
of arms: when theſe lodgments are effected, the ſquads of 

miners muſt as expeditiouſly as poſſible fink ſhafts a little 
lower than the countermines, from 40 to 60 feet diſtant 
from each other, and carry on two branches parallel to the 
counterſcarp and a return at the extremity of each to form 
the chambers ; which muſt be well loaded, that the adjoin- 
ing galleries and branches may be entirely overſet by the ex- 
ploſion. If, in the courſe of this work, they meet with 2 
gallery, they muſt immediately break into it, and throw in 
quantities of fetid compoſitions to make it impoſſible for the 
beſieged to re-enter, that that they may finiſh their mines 
without moleſtation ; they ſhould be ſprung as ſoon as 
completed. a 

When the beſieged deſtroy any of the ſhafts by ſpringing 
a countermine, others ſhould be immediately funk at ſuch a 
diſtance from the former, as not to paſs through any of the 
earth ſhaken by the exploſion ; ſince the labour of the miners 
in working among looſe earth is endleſs, for the ſides crum- 
ble down as faſt as the excavation is made. 

Suppoſing theſe ſhafts to be completed and the chambers 
charged, other ſhafts may be ſunk in the lodgments on the 
creſt of the glacis, particularly on the capitals of the works, 
for the purpoſe of more eaſily exploring the enemy's galleries 
under the glacis and entering them, when the communica- 
tion between them and the body of the place is cut off by 
ſpringing the mines under the covered way; and when 
by means of theſe ſhafts a gallery is diſcovered, a party of 
armed miners ſhould examine whether there be a poſſibility 
of the beſieged returning into it. If it be poſſible, they 
ſhould penetrate beyond the points correſponding to the 
attack, and throw in ſome fetid combuſtibles, taking care to 


retire time enough to ſave themſelves from ſuffocation ; — 
en 
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then deſtroy the communication with tools, and afterwards 
with a chamber, which will effectually deprive the beſieged. 
of all acceſs. 

When there are two ſtages of countermines, and the 
miners in penetrating into the upper one, find the ventilators 
belonging to the lower ſtage; they ſhould throw in ſuch 
quantities of fetid combuſtibles as will render it impoſſible for 
the beſieged to remain in them, taking the precaution to cloſe 
the ventilators, that they may not be incommoded by the 
ſmell and ſmoke, which in theſe ſubteraneous operations are 
extreinely pernicious. : 

74. It has hitherto been ſuppoſe that the ground around 
the place is nearly level : but when the fortreſs is built on a 
tongue of land, ſo that the front of the attack be termi- 
nated on each fide by a deep ravine, the miners may then 
drive a ſhaft below the countermines, and thoſe parts of the 
outworks on which the batteries are to be erected; and 
make ſome chambers for blowing up the works, or at leaſt 
deſtroying the countermines: or, if the 2 be ſituated on 
an eminence, and the ſlope of the glacis ſuch that the miners 
can drive a ſhaft below the countermines and penetrate under 
the points where the ſecond batteries are to be erected, ad- 
vantage ſhould be taken of theſe circumſtances, 

It ſhould in general be underſtood, that whenever any 
ſubterraneous work of great extent is carrying on, a gallery 
muſt be made to give a tree circulation of air ; but in limited 
operations, a branch which is ſooner made will anſwer every 
purpoſe. ' 

74. If the beſieged make no attempt to deſtroy the ſhafts = 
in the covered way (73), it is a ſign either that they are 
ignorant of their duty, or are ſeized with diſmay z; where- 
fore, if the miners meet with any of their galleries inſtead of 
empoiſoning them, they ſhould enter them and adyance 
towards the doors that lead into the ditch.; and ſupported 
by a ſecond detachment proceed into the large gallery on each 
ſide, till they have paſſed beyond the front of the attack, 
and deſtroyed the gallery in every part by which the beſieged 
can re-enter the countermines : when there are two ſtages, 
they ſhould endeavour to deſcend into the lower one, and 
approach the doors that lead immediately to the body of the 
place ; this gallery ſhould alſo be deſtroyed with the greateſt 
expedition, Having thus taken poſſeſſion of the counter- 
d 4 mines, 
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mines, they ſhould make fougaſſes to render all endeavours 
of the garriſon to regain poſſeſſion of them abortive. 

76. The diſcuſſion of this ſubje& has been hitherto con- 
fined to ſhafts, galleries, branches, and chambers made in 
firm and ſolid ground; but in a looſe ſandy foil, the exca- 
vation requires the addition of frames and planks, to ſup- 
port the earth along the whole of the ſubterraneous work: 
and as theſe operations muſt be performed as expeditiouſly 
as poſſible that the beſieged may have the leſs time to deſtroy 
them by countermining, the ſquads of miners ſhould be re- 
lieved every fix hours; fince in that time each man will 
Rave had his turn of the moſt laborious part of the work, 
| Shafts are generally made ſquare, and the dimenſions of 
the ſmalleſt are 44 feet. The galleries are 6 feet high, and 
about 3+ feet wide. The branches 4+ feet high and 3 feet 
wide; a return is made at the extremity of each branch for 
the chamber which is of a cubical form, and in it is placed 
a wooden box of the ſame figure to contain the proper quan- 
tity of powder; the ſpaces between the ſides of the chamber 
and the box are filled up with clay or dung. The ſauciſſon 
is laid in a pitched wooden trough; and the branch and 
adjoining ſhaft or gallery filled with bags of earth or ſand, 
and the angles barred with ſtrong oaken planks, ſupported 
by crcſs beams, that the line of leaſt refiſtance may be on 
the fide againſt which the mine is intended to act. 

77. The quantity of powder for charging mines, in- 
tetided only to ſhake the ground without making any ex- 
cavation, depends on the quality and tenacity of the ſoil, 
and on the line of leaſt reſiſtance : but it being ſometimes 
out of the power of the beſieger to make proper experiments 
for aſcertaining the tenacity ; the following table will ſerve 
as a rule for the quantity to be uſed, in a foil of ſuch tenacity 
as to need no frames to ſupport it, in order to ſhake the ground 
from the bottom of the chamber to the ſurface, without — 
placing it; ſuppoſing the powder to be of a ſtrong qualit 
well preſerved. wa «opp 


Table 


7 
Table of the ntity of Powder, for charging Mines 
5 under di wa dey leaſt — 


Lines of leaſt Interior ſide of Quantity of Powder for 


Reſiſtance. the Chamber. charging the Chamber. 
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78. In the uſe of this table, it ought to be obſerved that 


the object of the beſieger being to deſtroy the countermines 
effectually, his mines ſhould be fully charged; wherefore the 
quantity marked in the table ſhould be generally increaſed by 
a half: thus, if the line of each reſiſtance be 23 feet, the 
quantity of powder for the charge according to the table is 
104 cwt., to which add 54 cwt. or the half; then 151 cwt. 
will be the charge required, to be contained in a cubical box 
of about 3 feet 2 inches on the interior ſide. If the tenacity 
of the ſoil be greater, the charge muſt be increaſed to double 
the quantity in the table; thus the line of leaſt reſiſtance 
being 26 feet, by doubling the quantity 151 cwt. marked in 
the table, 31 cwt. will be the charge required to be contained 
in a box 3 feet 11 inehes on the interior fide. In loofe ſandy 
ſoits, the ſame rule muſt be obſerved; as the elaſtic fluid 
eſcaping more eafily, acts with leſs force. 

79. By whatever method the beſieger ſucceeds in ren 

ing the countermines uſeleſs, he ſhould inſtantly proceed 
to the conſtruction of the ſecond batteries; and for greater 
ſecurity, keep ſome miners flationed in the galleries that he 


has taken poſſeſſion of, to liſten if the beſieged make any 


efforts to re-enter, 
$80. The 
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80. The countermines under the outworks or ditch, muſt 
be attacked before the third batteries can be erected, 
If the profile of the attacked work be narrow, as that of a 


counter- guard, for example; two or three holes, diſtant from 


each other about 50 or 60 feet, ſhould be made near the foor of 
the revetement by the battering guns; floping even for that 
purpole, if neceſſary, the embrazures and the top of tlie 


-counterſcarp : the wall being thus pierced and the deſcent 


and paſſage acroſs the ditch completed by the ſappers, the 
miners ſhould be introduced into each hole, to drive a ſhaft 
into the terreplein, equal in length to the height of the wall; 
and having made br.nches to the right and left, they ſhould 
make a chamber at the extremity of each, to deſtroy the ſur- 
rounding countermines. If they meet with a branch or 
gallery, they ſhould endeavour to chaſe the befieget! from it 
by throwing in fetid combuſtibles ; and in the mean time pre- 
pare and charge a chamber or two to deſtroy theſe caunter- 
mines and ſhake down the caſemates : while one party of 
miners is thus employed, another ſhould explore the commu- 
nications leading to the countermines under the glacis from 
the attacked outworks, in order to drive the betieged from 
thence by force or other means. 

Theſe operations are carried on under cover of an inceſſant 
fire of muſquetry from all the lodgements that bear upon 
the ditch, to check the belieged in any attempt to dettroy the 
epaulment, or diſturb the miners. 

81. If the attacked work be very ſpacious and the be- 
ſieger under the neceſſity of erecting batteries at the gorge ; 


after having deſtroyed the countermines under the breach 


(80), he mult effect a lodgment in the gorge by aſſault; 
and then by ſinking ſhafts endeavour to cut off the commu- 
nications between the countermines and the body of the 
place: for this purpoſe the direction given (73) for the attack 
of the countermines under the glacis may be ſucceſsfully 
applied. While this is going forward, he thould endeavour 
by means of the ſhafts ſunk upon the capital, or of the coun- 
termines he has got poſſeſſion of, to penetrate into the gal- 
leries under the gorge of the work, and totally expel the 
beſieged, aſcertaining by theſe means the ſecurity of his bat- 
teries, 
82. From theſe premiſes it may be inferred; 
1. That to attack a place with two ſtages of coun- 


termines, there muſt be a large corps of miners and 
; great 


«Sa ©* 
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great conſumption of powder; and even then the pro- 
greſs of the beſieger will be ſlow, if the garriſon exert 
themſelves. 

2. That it is neceſſary to have an exact plan of the 
countermines; otherwiſe much time may be loſt in ex- 
ploring them, or they may be ſo badly diſpoſed as not 
to merit the trouble of counteracting their effects. 


CHAP, VIII. 


Or THE SURRENDER OF THE PLACE. 


$3. Tu E artillery will continue firing after the cha- 
made is beat, till ordered to ceaſe by the general of the 
trenches for the day, or till anſwered by the beſiegers; and 
every thing will be kept in readineſs for renewing it at a 
moment's warning. 

While the terms of capitulation are ſettling, no perſon is 
to be ſuffered to reconnoitre the batteries and approaches. 
When the capitulation is ſigned, and one of the gates of the 
place taken poſſeſſion of by ſome picquets of grenadiers, the 
commanding officer of artillery, by order of the commander 
in chief, will ſend the ſenior officer to receive the artillery; 
and the ſenior officer of miners, accompanied by one be- 
longing to the garriſon, to examine the countermines. In 
the mean time the batteries are provided with ſtores, &c. 
till the place be entirely evacuated. : 

84. A few hours before the garriſon marches out a de- 
tachment of artillery will be ſent to receive the keys of the 


magazines, and take an account of all arms, ammunition and 


ſtores; and all places where any articles may have been 
concealed or depoſited : to be the more exact, the officer 
commanding this detachment ſhould demand a copy of the 
inventory of ſtores previous to the fiege, and an account of 
the expenditure while it laſted. 

Every article that is liable to be ſtolen ſhould be locked up 
in the magazines, and a ſufficient number of centinels and 
guards poſted for their protection. 

After the evacuation, an inventory of ſtores muſt be made 
out; the guns, &c. drawn back from the batteries to the 


park, and every thing prepared -for marching: the guns 
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ſhould be examined, and their condition reported. The 
commander in chief will direct whether the town is to be put 
into a poſture of defence, or the works diſmantled : in the 
former caſe, the commanding officer of artillery will go 
round the place accompanied by the officer deſtined to be left 
in the command of the artillery, and order the neceſſary 
quantity of ſtores to be completed from the park: if it is 

to be diſmantled and the works demoliſhed, he will leave the 
proper quantity of powder, wood and tools, for undermining 
and blowing up the works, and cauſe all the artillery and 
the remainder of the ſtores to be tranſported to the places 
aſſigned by the commander in chief. 


CHAP. IX. 


Or IAR ECULAR StEOES AND BLOCK ADEs, 


85. SIEGES are termed irregular, when any of the 
tions requiſite tor beſieging a place in form are diſ- 
penſed with. From this definition, it is evident that there 
are different kinds of irregular ſieges, which vary according 
to circumſtances. If in the vicinity of a place there be any 
deep ditches, ravines, or riſing grounds, that may ſave the 
befieger the trouble of breaking ground at a diſtance, and 
carrying on regular approaches; or whence he can directly 
batter in breach the magiſtral line, and annoy the garriſon in 
their points of defence; or under cover of which a lodgment 
may be effected on or very near the glacis, without being too 
much expoſed : if the garriſon be weak, or compoſed of ill- 
affected or undiſciplined troops ; the profiles of the works 
not according to the true principles of fortification ; or any 
weak point be diſcovered after the covered way is taken: 
in any of theſe caſes, the beſieger is juſtifiable in precipitating 
matters, and omitting ſome of the ſteps taken in regular 


86. Thus a ſmaller proportion of artillery, or at leaſt of 
ſtores, is requiſite for irregular than for regular ſieges: and 
when before the inveſtiture, the beſieger is in poſſeſſion of 
the neceſſary data (5, 6, 7) he may make out with the 
greateſt accuracy, a ſtate of the ſtores, and concert meaſures, 
to bring the expedition to a ſucceſsful concluſion in the 
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ſhorteſt ſpace of time poſſible; which in military operations 
ſhould ever be a leading maxim. 

In irregular fieges that are of ſhort duration, the batteries 
for the fake of expedition are conſtructed with gabions. 
When there is a ſcarcity of earth, as often happens in moun- 
tainous countries, - every pioneer brings a ſack filled with 


earth, which are laid together to form a parapet. In con- 


ſtructing batteries on a rock, wool-packs are preferable to 
ſacks of earth. 

87. In beſieging towns ſurrounded with a ſingle wall, or 
old caſtles, there is ſeldom a neceſſity for breaking ground, 
and never for making regular approaches; a field battery 
being generally ſufficient for making a breach: it ſhould be 
made in that part of the wall which leads to ſome ſquare 
or ſpacious place, where the infantry after the aſſault may draw 
up in order to attack the garriſon, in caſe they have retired 
behind intrenchments or palliſadoes. The diſtance of the 
battery from the place ſhould be about 400 yards; it may 
be conſtructed with caſks or gabions ranged in two rows, 
and filled with earth; openings made in a garden wall or 
other building, may occaſionally ſerve for embrazures, and 
a plank may be laid under each wheel by way of platform, 
unleſs the ground be firm enough without it, 

88. With proper information concerping the ſtate of tho 
place previous to its inveſtiture, the number of attacks, and 
the quantity of ſtores requiſite for each, may be eaſily aſeer- 
tained ; thus, the garriſon being diſtracted by ſgveral attacks 
at once, may be the ſooner compelled to ſurrender. The 
general rule is to allot four or fix 24 or 32 prs. to each at- 
tack, and 100 or 200 rounds for each gun, in proportion 
to the ſolidity of the works : the quantity of intrenching 
tools is regulated by the trenches intended to be opened. - 

89. A breach is ſometimes made when the artillery is in- 
ſufficient for the purpoſe, by undermining the wall: the 
-miners are lodged in an opening not expoſed to the fire of 
the garriſon, and a ſhed of planks covered with ſand-bags 
or raw hides, erected to ſhelter them from the hand-gre- 
nades or combuſtibles that the enemy may throw down, from 
the wall: they then proceed to make the mines in the ſame 
manner as in the demolition of places. | 

If there be an aqueduct or ſubterraneous canal that, paſſes 
under the wall, the miners ſhould lodge themſelves in it; 
and in the firſt place, form a barricado to ſecure themſelves 
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againſt the enterprizes of the enemy: and then in the fide 
Oo 


the canal excavate one or two chambers large enough to 
make a breach in the wall. In every caſe, the miner ſhould 
be ſecured againſt the attacks of the garriſon, by poſting ſome 
grenadiers at proper places, and if neceſſary, by railing an 
epaulment acroſs the ditch to the foot of the wall ; which 
may be eaſily effected under cover of a fire of muſquetry, 
by the means of wool-packs or mattraſſes. 

go. When the gates of a town through the negligence or 
ignorance of the garriſon are inſufficiently guarded, or badly 
conſtructed, they are ſometimes forced open by petards : 
it is the bulineſs of the artillery-men to fix them: they are 
{upported by the detachment of infantry intended to ruſh 
into the town the moment the gates are burſt open; 

The party deſtined for this ſervice approach ſecretly 
during the night, and ſcrew an iron hook into the gate, 
on which they hang the petard with xs bottom flat againſt 
the gate, and propped behind by a ſtrong iron fork : the 
fuſe is then ſet fire to, and as ſoon as the petard takes effect, 
the column of infantry ruſhes in, As the opening made 
by the explogon of the petard may not be large enough to 
admit the men, ſome carpenters ſhould be in readineſs with 
their axes to cut away any obſtruction, 

91. Bleckades are fo termed when the beſieger having 
inveſted a place, anl carried on regular approaches, ſuſpends 
his operations either through choice or neceſlity — 
himſelf to keeping up a fire from his artillery, This me- 
thod of attack is practiſed in the following caſes : 

1. When a town is unprovided with caſemates and 
magazines: whence the beſieger may have reaſon to 
hope that by keeping up a continual fire, the inhabitants 
may be ſo harraſſed as to rife againſt the garriſon ; or 
at leaſt, that a part of the ammunition and proviſions 
may be deſtroyed. , 

2. When a town full of inhabitants, ſtrongly fortified, 
and well provided. with troops, artillery, and ammu- 
nition, is deſtitute of ſufficient ſupplies of proviſions 
to ſuſtain a ſiege : from which circumſtance, the gover- 
nor may in a ſhort time be induced to ſurrender, pro- 
— 2 that by the inveſtiture his conduct is apparently 
juſti 
: 3- When from moraſſes, inundations, rocks, ravines, 
or precipices, it is found impracticable to carry on the 
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approaches in any manner likely ta bring the ſiege to 
a ipeedy termination. ; 

4. When from bad roads, or other circumſt 
the artillery is inſufficient to proſecute the ſiege with 
vigour. 

92. In the firſt and ſecond caſe, the engineers make 
trenches of communication from different parts of the line of 
circumvallation, at the diſtance of 700 or 1000 yards from the 
body of the place, and batteries mounted with heavy cannon are 
erected by the artillery - men: each battery is incloſed in a re- 
doubt of reſpectable profile, and ſpacious enough to contain a 
guard ſufficient to ſecure it againſt any attempts of the garriſon. 
Guards are licewiſe poſted in the hollows or ravines in the 
vicinity of the. battery; and when the ground is level, 
detachments are placed in the intermediate parallels, be- 
tween the communications, to ſuſtain the redoubts, and 


give time to the troops at the camp to come to their aſſiſt- 


ance in caſe of a general ſally: but if the batteries be 
covered by a river, canal, moraſs, precipice, or defile, a 
ſtrong guard in each redoubt will be ſufficient for their ſecurity. 
93. In the third caſe, (91), the beſieger muſt exert him- 
ſelf to turn every acceſſible point, whence the town can be 
annoyed either with ſhot or ſhells, to the greateſt advantage, 
by planting on them a proper quantity of artillery of large 
calibre. 


The proportion of ordnance for this kind of fiege is 


greater than for regular ſieges, particularly when the block- 
aded town is very large; unleſs in regular fieges, a fire is 
directed from every fide on the moſt populous quarters of 


the town, in order to excite conſternation and terror among 


the inhabitants, | 

94. In the fourth caſe, the lines or trenches judged ne- 
ceſſary on the occaſion, ought to be conſtructed with a view 
to their being uſeful, when an adequate quantity of artillery 
arrives, to convert the blockade into a regular fiege ; the 
vivacity of which muſt depend on the knowledge the beſieger 
has acquired concerning the ſtrength of the garriſon, the 
ſtate of the fortifications, and the nature of the adjacent 
country, 

An army ſometimes ſits down before a place of great im- 
portance, in hopes of inducing the enemy to abandon an 
advantageous poſt in order to relieve the place, and per- 
haps hazard a general engagement. The moſt __—_ 
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attack ſhould be made in this caſe ; which will induce the 
enemy to march with greater expedition to raiſe the ſiege. 

95: Whatever be the motive for undertaking this kind 
of ſiege, the batteries ought to be amply furniſhed with 
cannon and mortars ; they ſhould be fired at different eleva- 
tions from 8* to 129 that the ſhot and ſhells may be thrown 
into every quarter of the town : and if there be a probability 
of ſetting fire to any of the principal edifices or magazines, 
Hot-ſhot:ſhould be inceſſantly fired. 

From a review of every circumſtance attending the com- 
mencement and progreſs of ſieges, it will appear that from 
the opening of the trenches until the ſurrender of the place, 
the nature of the fiege may, from the variety of incidents 
to which military operations are peculiarly liable, be fre- 
quently changed. ; 


CHAP. X. 


'DirRECTIONsS FOR DEMOLISHING THE ForTIFICATIONS 
or A CiTY. 


96. Ir is generally deemed ſufficient to demoliſh the 
revetements of the works, and blow up the magazines, 
eaſemates, &c. ; the deſtruction ſeldom extends to the terre- 
plein, from the great expence and labour it would coſt. 

The chambers of mines for demoliſhing a building, the 
wall of which is not more than 5 feet thick, are of a cubical 
Form, with one of the ſides correſponding to the ſide of the 
wall; but if the thickneſs of the wall exceed 7 feet, cham- 
bers are made in a hemiſpherical form, in the centre of the 
wall. 

97. The following, are the general principles to be ob- 
ſerved in the diſpoſition of mines: 

1. The chambers ſhould be made at the foundation, 
that the upper part of the building may be raiſed and 
ſhaken to pieces ; | 

2. And, if poſſible, ſome feet below the ſurface of 
the ground on which the wall ſtands; as from the 
great reſiſtance the exploſion is more violent, and the 
effect greater: mines placed near the ſurface of the 
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ground ſometimes act but upon one ſide, and cauſe 
a breach in the wall inſufficient to deſtroy the building. 
3. If the ſolidity and ſtrength of a building depend 
on its counterforts, chambers ſhould be made in them, 
though they be above the ſurface of the ground, 
4. The largeſt chambers ſhould be placed under the 
ſtrongeſt parts, where the maſonry has moſt ſolidity and 
coheſion ; as at the point of interſection of croſs vaults, 


and large buttreſſes or pilaſters ſupporting roofs and 


arches. 

5. In walls that are without any break, the cham- 
bers ſhould be 12 or 15 times, the fide of the cube or 
the diameter of the hemiſphere, according to its figure, 
diſtant from each other, 

98. The ſize of the chamber depends on the quality of 
the powder, the thickneſs of the wall, and the cohefion of 
the materials of which it-is built ; which differs in different 
climates according to the quality of the lime, and the time 
it has ſtood. he coheſion of walls raiſed above the earth, 
and cemented by the beſt lime and ſand of Piedmont and 
Limbardy, is generally eſtimated at 16400lbs. for every 20 
ſquare inches; while that of ſubterranean walls cemented 
with materials of certain qualities, as the lime of Superga or 
Caſal in Montferrat, and the ſand of Trebia, is more than 


double. The coheſion of walls conſtructed on the coaſt of 


Provence and Genoa, exceeds 41000lbs. and that of buildings 


adjoining to the ſea, and cemented with Pozzolana, is fre- 


quently triple, 

The officer of miners, therefore, charged with the demo. 
lition of any place, ſhould previouſly aſcertain by experiment, 
the tenacity of the wall, The fide of the cubical chambers 
ſhould be a third part of the thickneſs of the wall, ſuppoſing 
ts tenacity to be 16400 lbs. and the powder very ſtrong. 
The ſame rule will ſerve for the diameter of the hemiſphe- 
ncal chamber; its depth ſhould be about 4 of its diame- 
ter: its contents will then be about half as much as the cubi- 
cal chamber. By the table (77), the quantity of powder 
2 chamber of a given ſide may be eaſily deter- 


99. To give an idea of the diſpoſition of mines, the 
f re N wn the plan of an inſulated building, the roof 
which is bomb- proof; (Fig. 4, Pl. 4) the princi 
chambers are made under the points A, H, I, K, L, M 8. 
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O, P, where the walls interſect, and under the pilaſters 

which ſupport the fronts A B, CD, and on which the x 

reſts (97, No. 4). The chambers in the wall FF which 
is without any break, are diftant from each other, and from 
the principal mines, 12 or 15 times the lenght of the fide 
or diameter (97, No. 5); and if in the faces AB, CD, 
the chambers A, H, I, be too far diſtant to have proper 
effect, two intermediate ones 8, 8 may be made. The wall 
GG in which are the chimnies and doors of communi- 
cation, need not be undermined ; but the ſize of the princi- 
pal chambers K, L, M, ſhould be increaſed by about 1. The 


mines thus diſpoſed may be divided into two claſſes ; viz. ' 


thoſe made in ſingle walls, as QR, S, and thoſe made in 
croſs walls, as A H, &c. | 

100. In this profile PP repreſents the plane of the ground 
ſurrounding a building: (Pl. 4, Fig. 5) the walls are ſingle, 
and the chambers are to be of a cubical ferm: to make 
the excavation in the foundation D AE, below the plane 
PP (97, No. 1, 2), let a long trench be dug 1 4 of the 
thickneſs of the wall D E in depth as D B, and 31 feet 
in width as CD. Let the chamber G of a cubical form, 
be made 4 of BD diſtant from the bottom BF, and a 
wooden box of proper dimenſions for containing the quan- 
tity of powder aſcertained by preceding experiments (98) 
placed in it; and if there be any reaſon to apprehend that 
the powder may be damaged by the moiſture of the wall, 
let the box be lined with oil-cloth. At the mouth of the 
chamber make a ledge H, 3 inches broad, and of a depth 
proportioned to the ſize of the planks that are to cloſe the 
opening. Any projections or cavities in the wall where 
the trench is dug, ſhould be ſmoothed or filled up with 
well worked plaiſter. The planks for blocking up the 
chamber ſhould be 2 inches, and the beams 5 or 6 inches 
thick, and a quantity of clay and rotten dung, (which is 
excellent for preventing the eſcape of the inflamed fluid) 
prepared. The box being filled with powder, and a fau- 
ciſſon laid in a pitched wooden trough, communicating 
with it, the opening is exactly cloſed ; planks called mant- 
lets as CF K L, B DIM, are placed vertically along 
the faces of the trench, and the beams N are driven in 
horizontally at right angles to the mantlets, and all the 
interſtices filled with clay and dung well rammed. = 
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101. To make mines of a cubical form in a croſs wall 
AB; let C,D, E, F repreſent a ſquare pit hollowed in the 
adjoining ground; (Pl. 4, Fig. 6) the fide of which is 4+ 
feet, and the depth 1 # of the thickneſs of the ſtrongeſt wall. 
At about 4 from the bottom, hollow out in the wall 


Babranch FNGH z feet high, 2 feet wide, and 4 of 


the thickneſs of the wall B in length; then in K B the cen- 
tre line of the wall B make the chamber K of a proper ſize : 
let a box be fitted to it, and at the mouth of it make a ledge 
FH. Let the box be filled with powder, the ſauciſſon ap- 
pled, and the opening | cloſed and blocked up with beams 

id horizontally to LG: let the opening FN be cloſed in 
the ſame manner as I; and diſpoſing the mantlets around 
the fides of the pit, drive in horizontal layers of beams croſſ- 
ing each other alternately at right angles, till they reach the 
ſurface of the ground, always filling the interſtices with dung 


and clay, and taking care to bring out the ſauciſſon. It 


ſhould be remarked here, that though in this cafe, where it 
is intended to blow up a greater extent of wall, the ſame 
charge is uſed as in the preceding paragraph ; yet greater 
refiſtance being oppoſed to the exploſion of the powder, the 
effects will be proportionably greater, 

102. If the wall be more than 7 feet thick, (PL. 4, 
Fig. 7) the chambers ſhould be hollowed in a hemiſpherical 
form, in the following manner : A A is the profile of a ſingle 


then make the branch BLGE 3 feet high, and of ſuch 
a length and breadth, that the chamber K hollowed out in 
the centre of the wall, may contain half the quantity of pow- 
der that a cubical chamber, the fide of which is equal to 
the diameter of the hemiſphere would contain : at the mouth 
of the chamber make the ledge H H, and ſmooth the roof 
and bottom of the branch with well worked plaiſter. Hav- 
ing charged the mine, applied the ſauciſſon, cloſed the open- 
ing H, and laid two layers of mantlets horizontally, the one 
BQLO on the bottom, and the other GEN M on the 
roof of the branch, drive between them ſtrong beams R; then 
cloſe the entrance BE, and placing other mantlets againſt 
the wall and the oppoſite fide C F, lay rows of beams hori- 
zontally between them, filling all interſtices with clay and 
dung, and carefully bringing out the ſauciſſon. 
103. The figure repreſents the plan of two walls which 
interſect each other, and K 7 7 feet in thickneſs: (0% 4 
2 ig · 


wall; dig a ſquare pit BD C F the fide of which is 4 4 feet; 


i) 
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Fig. 8) to determine the exact poſition of the chamber, 
draw the right line B B dividing into two equal parts the 
wall B, and another right line A A parallel to C C, ang 
diſtant from it + of the thickeſt wall A; then the point 
of interſection K will be the centre of the chamb+r, wich 
ſhould be +4 larger than that made under © ole . 
Make a ſquare pit C D E F, the fide of whic> _ + (©; 
and in the wall A make the branch GH LMI, + in 
elbow or angle, and of ſuch a length that the chaner 
may be hollowed in K: let. it be loaded and blocked up as 
before (102); at MN cloſe the opening with a frame, and 
lay horizontal layers of beams unto the opening D G, which 
ſhould be well cloſed, and placing mantlets againſt the ſides 
CD, EF, drive in horizontal layers of beams till the pit 
is filled, ramming dung and clay in all the interſtices. 

104. To undermine revetements ; make pits in the ditch 
cloſe to the revetement 6 or 7 feet deep : then piercing the 
wall, carry on in the terreplein two branches, the one to the 
right and the other to the left, at the extremities of each, 
and at the points where the revetement is ſupported by the 

counterforts, hollow the chambers (101), either cubical 
or hemiſpherical (103) according to the thickneſs of the 
wall, ſo that the two chambers on each fide of the opening 
may correſpond. In the proper diſpoſition of counterforts 
to ſupport revetements, the ſtrongeſt points are at the flanked 
angles; viz. thoſe of the ſhoulder and flank ; the principal 
chambers ſhould therefore be made in theſe angles, the 
others may be diſtributed along the walls that form the an- 
gles. If the revetement be built on a rock, and of no great 
thickneſs, the number of chambers ſhould be increafed and 
brought nearer together, that the whole revetement may be 
thrown down at once. 

As the manner of charging mines in revetements is the ſame 
as that before deſcribed, we will diſmiſs this ſubject for the 
preſent ; only remarking that in blowing up ſtone or brick 
bridges, the chamber ſhould be made in the foundation of 
the piers; or in the ſhoulders of the arches. It frequently 
happening on, ſervice, that a tower or other flight building 
is to be inſtantly demoliſhed : it may be effected by placing 
in the ground ſtory ſome open barrels of powder cloſe to 
each other, blocking up the doors and windows with ſtrong 


planks, and covering the floor above with a thick layer of 


earth ; then ſetting fire to the ſauciſſon that communicates 
wit 
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with the powder, the great reſiſtance opp6ſed by the earth 
upon the upper floor, prevents the powder from acting up- 
wards, and directs its force againſt the walls of the tower, 
which being of no great ſolidity, eaſily yield and fall down. 
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Or THz SERVICE or ARTILLERY IN THE DEFENCE 
: OF PLACES. | 


105. Ta E ſcience of defence conſtitutes one of the 
moſt eſſential branches of the military art, ſince a few troops 
xe thereby frequently enabled to make head againſt a very 
ſuperior army, to the preſervation of a whole country : and 
as in the proſecution of this ſyſtem, the inferior army is 
often compelled to ſuſtain a ſiege, the defence of places forms 
one of the moſt important parts of this ſcience. Now the 
defenſive ſyſtem may either be the reſult of a premeditated 
plan; or a nation may be unexpectedly forced into it by 
the ſudden invaſion of a foreign enemy, or by a train of un- 
fortunate events, that oblige an army which began the war 
with the faireſt hopes of conqueſt, to change its ſyſtem and 
act on the defenſive. 

106. When a defenſive war is foreſeen, ſome of the ſe. 
nior officers of artillery are ſent to inſpect the quality and 


k number of arms and ſtores of all ſorts in the different gar- 
f nſons; examine the condition of the magazines, works, 
y and countermines ; and take notes of every thing that may 
8 de wanting in caſe of a ſiege. | 


After the inſpection, each officer makes a report in wri- 
ting of the number and nature of artillery and carriages, 
with his propoſed arrangement of them; and alſo of the 
0 proportion of tools, machines, arms, and ammunition, 
es which in his opinion may be adequate in proportion to the 


th ſtrength of the garriſon, * making a vigorous defence: 
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he farther explains the motive of each demand, and points 
out the place where every article can be lodged ; diſtinguiſh. 
ing the magazines that are bomb-proof, and remarking par- 
ticularly any that ſhould be made ſo, previous to a ſiege. 

An engineer is likewiſe detached to each fortreſs to re- 
port the number of troops neceſſary for its defence ; make 
out a diſtribution of barracks and magazines; and examine 
the repairs' and alterations for putting the fortifications in a 
proper ſtate of defence, with the quantity of palliſadoes and 
faſcines for repairing the damage, that the enemy's artillery 
_ do to the works during the attack. 

he governor then calls a council conſiſting of the artillery 
officer, engineer, and ſtaff of the garriſon ; where the me- 
rits of the two reports ate canvaſſed, and thoſe propoſitions 
adopted that appear conducive to the beſt defence ; the opi- 
nion of the council is then ſubmitted to the ſovereign for 
his deciſion, who orders the neceſſary mines and works to 
be conſtructed, and the ſtores to be provided. When they 
arrive in the garriſon, they are depoſited in the magazines 
allotted in the plan for each particular ſpecies. 

107. But if a ſtate be ſurprized into the defenſive ſyſtem, 
the officer commanding the artillery in a place menaced with 
a ſiege, ſhould make the ſtore-keeper give him an actual ſtate 
of the diſpoſition and condition of every article under his 
charge, and immediately examine thoſe that are of the moſt 
importance: and in his report to the governor, ſhould par- 
ticularize what may be wanted in addition to the quanti 
at preſent in ſtore, or to replace any that may be dam 
But if from the approach of the enemy, there be little = 
bability of having ſufficient time to draw the ſupplies from 
the arſenals or neighbouring garriſons, every thing in poſ- 
ſeſſion of the inhabitants that may be uſeful during the ſiege, 
ſhould be taken after a juſt valuation, and proper receipts 
given by the ſtore keeper to each proprietor. In farts where 
no ſuch reſources tan be had, parties ſhould be ſent into 
the neighbouring towns and villages to ſeize and candut 
to the garriſon every thing they can find that may be of 
ſervice during the ſiege. It is the maxim of every good 
8 to complete the ſtores of all frontier towns on 

leaſt apprehenſion of a war. 
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CHAP. I. 


Or THz DrsPosrTIONS rox THE RTOULAR DEPENCR 
OF A PLACE PREVIOUS TO ITS INVESTITURRE. 


x08. Tur firſt diſpoſition that an officer" of artillery 
ſhould make for the regular defence of a place, is to form 
a ſtate of the number and nature of guns, carriages, and 
ſtores. To do this with juſtneſs and preciſion, he ſhould 
recur to the rules laid down in the former part of this trea- 
tiſe, and be not only acquainted with the ſervice of artill 
in all its branches, but capable alſo of judging in the full 
extent of all operations, in which the other troops of the 


garriſon can bear a part; ſo that every thing may be ade- 


quate to its particular purpoſe, without deficiency on the one 
hand, or fuperfluity on the other. Thus two extremes 
equally prejudicial will be avoided ; the one of making a 
proviſton of ſtores infufficient for the defence the place is ca- 
pable of; the other of providing ſuch quantities, that on 
the ſurrender of the place, a complete arſenal may fall into 
the enemy's hands. 

109. The fundamental maxim in the defence of places, 
it to retard at much as poſſible the progreſs of the beſieger, 
_ = proportion as he advances to multiply his dangers and 

cute. 

Irs this end, the artillery-officer ſhould examine on the 
ſpot, the natural obſtacles that the befieger may have ta 
ſurmount in the attack of the works, and countermines z 
and after maturely weighing the weak and ſtrong points, 
thould confider how far the advantages of each front may 
be improved, and the defects remedied. Any ſtrong poſi- 
tion in the vicinity of the place, ſhould, if poſſible, be ren- 
dered uſeleſs to the beſieger; and every vulnerable part 
ſtrengthened by additional works. If the firſt poſition that 
the enemy muſt from the nature of the ground take up, be 
very confined, the proportion of artillery and ſtores may be 
made out with the greateſt accuracy, and there will be good 
reaſon to reckon on a ſucceſsful defence ; as the enemy will 
of courſe be extremely circumſcribed in all his operations. 
But when he is free to chooſe his poſition, the artillery 
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officer ſhould be informed whether the artillery the enemy 
can bring up be only adequate to a regular ſiege, or ſuffi. 
ently numerous to enable him in a few days to beat down 
all the defences on the front of the attack, and keep up 
ſuch a continual fire as to prevent the garriſon from repairing 
the damages. 

110. The preſent treatiſe ſuppoſes a fortreſs beſieged in 
form; whether from the poſition that the beſieger is obliged 
to take up, or from the inſufficiency of his artillery to take 
advantage of one more extended. Thoſe violents attacks, 
where the defences are in a few days deſtroyed by the 
firſt batteries, and the garriſon prevented from repairing 
them, ſeldom occur but in ſmall places : ſuch examples are 
very rare in places of firength and importance ; particularly 
when the enemy is obliged to bring his artillery by land, 
from the prodigious number of carriages and horſes required 
for the tranſport. But if from circumſtances there be reaſon 
to apprehend a ſiege of this nature, the ſtate of the maga- 
Zines and barracks ſhould be examined, and any that are 
expoſed to be cannonaded covered with ſubſtantial epaul- 
ments, When the profiles of the works are ſo advantageous 
that the beſieger mutt effect a lodgement on the glacis be- 
fore he can make a practicable breach; the moſt effectual 
mode of retarding lis progreſs is by countermining with the 
utmoſt diligence. But when the barracks and magazines 
are ſecured ; a breach in the body of the place impracticable 
from its being cut out of a-rock ; or, when made, is rendered 
inacceſſible by ſome natural or factitious obſtacle ; every at- 
tempt on the part of the enemy will be futile, provided the 
garriſon conduct themſelves properly in this caſe, where 
perſeverance and firmneſs, rather than courage and exertion 
are requiſite. * 

171. The firſt ſtep towar 
for ſuſtaiding a regular ſiege in a 
ſider what front is moſt attackable, 
meaſures to be adopted for its defe But as the beſieger 
may through incapacity or ſign 


forming the eſtimate of ſtores 
rtified town, is to con- 
nd what are the bet 


gnorance commence his attack 
on the ſtrongeſt fide, the proportion of ſtores ſhould be large 
enough to take advantage of this ere; and to avoid ex- 
tremcs (108), the defence of the to fronts ſhould be car- 


712d to the {ame point, either by raiſing new works, counter- 
eng, or diſpoſing to greater advantage and ſtrengthening 


hs cla vorks: But if the ſhortneſs of time doth not _ 
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of this, two eſtimates ſhould be made out; one for the 


defence of the ſtrongeſt front; the other, of the weakeſt; . 


that the Sovereign may determine which of the two he thinks 
proper to adopt. 0 Bel 

112. 32 and 16 prs. are mounted in the body of the 
place; 12 and 8 prs. in the outworks that are large enough 
to contain them : when the adjacent country is favourable 
for making ſallies, or conſtructing lines of counter-approach, 
ſome light 4 pounders are included in the inventory. It was 
the cuſtom in the laſt century to place ſome pieces of large 
calibre, reſembling ſtone-guns or long howitzers, on the 
flanks, from which, when the aſſault was given, they fired 
caſe or grape-ſhot on the aſſailants : but theſe pieces are 
now diſuſed, ſince the beſieger covers himſelf with epaul- 
ments in the ditch and at the breach : inſtead of them, we 


tire round ſhot from heavy guns, to deſtroy, or at leaſt retard 


the conſtruction of, the epaulments. f 5 

113. In fortified towns conſtructed on mountains or emi- 
nences, the embrazures are generally made of brick or ſtone, 
and the curtain furniſhed with guns, when it bears on an 
poſition favourable to the beſieger; the number of guns mult 
in this caſe be regulated by the number of embrazures. But 
when the parapet is formed of earth, the following is the 
diſtribution of guns on each front: 10 or 13 toiſes are 
left on the faces of the baſtions, and 6 from the angle of the 
ſhoulder to the flanked angle for the barbette batteries; the 
remainder is divided ſo, that there be never leſs than 20 feet 
between every two embrazures, to give room for the infan- 
try, whoſe tire, when the enemy comes within muſquet ſhot, 
is the moſt effectual method of retarding his progreſs ;. and 
with leſs diſtance between the embrazures, the merlons would 
be ſoon deſtroyed by the enemy's artillery: the ſame rule 
ſhould be obſerved in opening embrazures in the outworks. 

A few guns ſhould be added to the above diſtribunon, for 
the barbette batteries on the other fronts, and for the flanks 
correſponding to the attack. 

114. To determine the number of guns for the four faces 
of the ravelins correſponding to the attack, 10 or 13 toiſes 
are allowed for the barbette batteries in the collateral rave- 


lins, and the remainder divided into equal parts with inter- 


yals of 20 feet for the embrazures ; but in the ravelin on 


the front of the attack, a greater ſpace is left from the pa 
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angle for the barbette batteries, to avoid being enfiladed or 
taken in reverſe on the adjoining face. 

N. HI. With a counter-guard before the baſtion 10 or 
13 toiſes are ſet off from the ſaliant angle for the barbette, 
2, 3, and embrazures opened at 3, 4 of the face correſpond- 
ing to 5 of the barbette on the baſtion, when the height of 
the baſtion ahove the counter-guard is lefs than 10 feet ; but 
when it is 15 feet or more, the whole face of the counter. 
guard ſhould be lined with cannon, in order to have two 
ſtages of fire ; as there will be no danger of the lower work 
being incommoded by the fire of the upper one. In the 
eounter guard before the ravelin, the fame precaution ſhould 
be attended to. Guns on the faces of horn or crown- 
works large enough to contain them, ſhould be in the ſame 
proportion. 

115. The guns on the front of the attack ſhould be of 
braſs, as they ſtand firing for a long time : on principles of 
ceconomy, iron guns may be planted on the parts whence a 
very heavy fire cannot be kept up; as the barbette batteries 
en the fronts not attacked, and the points which there is 
_ to apprehend the enemy may endeavour to carry by 

t. 

116. The moſt advantageous and at the ſame time moſt 
ezconomical uſe to which mortars can be applied in the de- 
fence of places, is to project ſtones and royal ſhells upon the 
approaches and lodgments of the befieger. There is ſo 
much uncertainty in the range of ſhells fired from large 
mortars againſt the firſt batteries of the beſieger, notwith- 
ſtanding all poſſible attention in the bombardiers, that they 
are only employed at great diſtances to project ſhells filled 
with combuſtibles, for diſcovering the progreſs of the be- 
fleger during the night, when the diſtance 1s too great for 
light balls; but when the beſieger approaches within the 
reach of light balls from the ſtone-mortars, the large mor- 
ters are then reſerved for enfilading the batteries and lodge- 
ments on the creſt of the glacis, and deſtroying the ſhafts 
and flopes which the beſieger has ſunk on the glacis and co- 
vered way for the attack of the countermines. Henee, an 
officer aware of the manner in which the befieger can direct 
his attacks will neceſſarily conceive that two mortars of each 
nature ſhould be employed againſt each approach, and againſt 
each of the batteries in breach expoſed to be enfiladed. _ 
$4 5 . 117 
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117. The fire of the infantry is, as has bent already ob- 
, one of the moſt "—__ methods of tetarding the 
reſs of the beſieger. But in keeping up'a/contiqual fire 
Se the night, — wack being thin ſoon become un- 
ſerviceable ; wall pieces being better reinforced are more ſer- 
viceable and lefs apt to burſt. The greater part of theſe 
arms are mounted with locks, of which the cocks are of 4 
ſerpentine form according to the cuſtom of the laſt century; but 
the troops being unaccuſtomed to make uſe of them, it would 
be much better if they were furniſhed with common locks, 
with the uſe of which the infantry are perfectly —_— 
The proportion of wall-pieces ſhould exceed by 2 half, the 
number of infantry deſtined for the daily the 
covered way, for a ſiege of 30 days; for one of longer du- 
ration, the number ſhould de increaſed. 

There ſhould alſo be a reſerve of muſquets with bayonets, 
to ſupply the place of any that may be damaged: for a ſiege 
of 30 or 40 days, the number in reſerve ſhould exceed by 
a third the number of infantry in garriſon. Some large wah- 
pieces are alſo provided for firing at a diſtance againſt recon- 
noitering parties of the beſieger. 

118. There is no abſolute rule laid down by military au- 
thors, for determining the number of men for the defence of 
a place beſieged in form. The moſt general and unexcep- 
tionable one is, to reckon 3 men for every 10 feet in the co- 
vered way, on the front of the attack, including the two 
collateral places of arms; when the town is fortified in the 
common method wüh no outworks but ravelins. If the 
body of the place be conſtrued on a fyſtem of demo- 
lition ; the fire from the flanks command the points where 
the enemy muſt ere his counter-batteries; or there be 
counter-guards before the baſtions, the reſt of the works 
being in the common method; then 4 men are allowed for 
every 10 feet. With counter-guards before the ravelins ; 
or when with ravelins only, there is one ſtage of coun- 
termines, the number is eſtimated at 5: with two ſtages of 
countermines ; or the body of the place conſtructed upon a 
ſyſtem of demolition and covered by other outworks beſides 
ravelins, at 6. 

If to the number of men reſulting from this eſtimate, be 
added the neceſſary guards for the parts not on the front of 
the attack, the gates, ditches, magazines, &c. and the W 


er. Total 44 18 
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be tfipled 3 the reſult will give the proper ſtrength of the 


© garriſon for a regular ſiege. 


In mountainous ſituations, where there is no covered-way, 
two men are allowed for every 10 feet along the magiſtral 
line of the front attacked, including the outworks ; to this 
add the neceſſary guards, and the ſum tripled will give the 
number of the garriſon. 

119. For example; ſuppoſe a regular pentagon, of which 
the line of defence is 134 toiſes ; this gives 56 toiſes for the 
faces of the baſtion, and 25 toiſes for the flanks ; let the 


profiles of the ravelins, which are ſuppoſed to be the only 


-outworks, admit cannon, The following will be the diſpo- 
fition of artillery. | 
. | No. of Guns, 


h "Braſi, Iron. 

On the two faces of the baſtion on the front | 
1 3 

On the two faces of the collateral ravelins ........ 12 

On the two faces of the ravelin between the 


V 83 


On the barbette batteries and flanks ............. — 18 


This number, deſigned for the firſt part of the direct de. 
fence, will be more than adequate for the ſecond part; two 
or three light 4 prs. may be added for ſallies or counter - 
approaches, when this mode of defence is practicable. 


_ , If the place be hexagonal with a line of defence of 134 


toiſes, and the flanks a little longer, two pieces of braſs and 
two of iron ſhould be added to the above proportion. 

Suppoſing the beſieger can carry on his approaches upon 
the capitals of the baſtions and ravelin, and erect batteries 
in breach on the creſt of the glacis ; the number of mortars 


will be at leaſt 
N 6 Stone-mortars 
6 Royal ditto - 
4 10 inch ditto 
4 1z inch ditto 
Total 20 


ww 4 
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Ik the garriſon conſiſt of 1800 infantry, 4+ of whom are 
conſtantly on duty, and 3 of thoſe on duty keep up a con- 
ſtant fire; there (hould be 600 wall-pieces, and 600 muſquets 
in reſerve; with 10 or 12 large wall-pieces, for firing at 
reconnoitring parties. 

120. This proportion is adequate to the defence. of a 
place in a level ſituation, where the guns, &c. may be eaſily 
tranſported from one part to another: but it the ground be 
ſo uneven, that in the interior communication between baſ- 
tion and baliion it is impoſſible to remove the artillery 
without making uſe of capſtans or other machines, then 
each attackable front muſt be furniſhed with its proportion of 
artillery ; and that there may not be a neceſſity of increaſing 
the quantity of ammunition in the ſame proportion, guns 
of the ſame nature ſhould be placed on each front; ſince by 
that means the ammunition intended for one front will an- 
ſwer equally well for all the others. ' 

If in the vicinity of a place ſituated in a hilly or moun- 
tainous country, there be any hollows not commanded by the 
cannon of the ramparts, in which the — may lodge 
himſelf to the great annoyance of the garriſon, a proper 
number of ſtone, royal, and 10 inch mortars ſhould be pro- 
vided for tiring into them. 

121. The number of rounds for each gun depends on the 
quantity of the beſiegers artillery, and the length of the fiege. 
If the poſition that the beſieger muſt take up be ſo confined, 
that the beſieged can oppoſe gun to gun, and have ſome ' 
pieces in reſerve for firing at the heads of the ſap, &c. 
the daily expenditure may be calculated at ſixty rounds a 
gun (20), in the firſt part of the direct defence: but if from 
the nature of the ground the fire of the beſieger be ſuperior 
by a third to that of the place, haif of this number will be 
ſafficient ; for the garriſon will be frequently obliged to 
flacken the fire, and probably many guns will be diſmounted, 
With regard to the ſecond part of the direct defence, the- 
daily expenditure may be eſtimated at 20 or 30 rounds each, 
for thoſe guns which from the ſmall command of the lodg- 
ments on the creſt of the glacis, can plunge into the bat- 
teries in breach ereted oppoſite to them; and double this 
number of rounds for the guns that flank the epaulments 
raiſed by the beſieger in the ditch ; the expenditure depends 
greatly on the fire that the enemy's muſquetry can keep up 
up againſt the embrazures of the place. 
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The mortars always being placed under cover of the ram. 
— cannot be affected by direct firing: the interruption 
curvelinear projections may be reckoned at about + of 

the whole number of diſcharges that could be made from 
them in 24 hours; as this is generally computed at 69 
from each mortar, it is thus reduced to 50. They may 
begin to fire with effect when the enemy is advanced within 
134 toiſes of the covered way. From memorandums of 
the wy of ammunition daily expended by the infantry, 
in ſome of the maſt conſiderable fieges, it appears that each 
' foldier on duty on the front of the attack, fires from 35 to 
40 rounds a day: now fuppoling the fame number of men 
always to mount guard, from the day that the trenches are 
opened till the place ſurrenders ; the full expenditure may 
be computed at 50 rounds a day for each man on duty, in- 
cluding the allowance tor ſorties. The barbette guns, and 
wall-pieces ſhould be provided with 200 or 250 rounds at 


122. In calculating the duration of a ſiege, the natural 
advantages of the place far retarding the progreſs of the 
beſieger, and the obſtacles he muſt ſurmount before he can 

himſelf in the different works, muſt be confidered. 
uppoſe the place be ſuch as repreſented in paragraph 119; 
that a practicable breach is effected in the baſtion ; and that 
the garriſon is not in a condition to ſuſtain a general aſſault; 
the duration of the fiege if the beſieger has been active and 
enterprizing will have been about 40 days, viz. 


Days. 
From the opening of the trenches till the F 
is compleated on the crelt of the glacis . 5 
For conſtructing and completing the batteries in 
een Fee ee 


For making a breach 
For making a lodgment in the breach in the baſtian 4 
——E—ꝓ— 


Total 30 


in, and getting poſfeffion of the 


When there are more outworks; or the baſtions are con- 
ſtructed on a ſyſtem of demolition, ſo that the befieger is 
obliged to bring up guns through the breach to batter tha. 

mterior works, the defence may be prolonged for x0 - 12 
, 0aJvd 


. 
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days ; and even for 25, if there be ſmall mines in the ditch, to 
blow away the earth and ſtones, beat down in making the 
breach in the baſtion. | 

With counter-guards before the baſtion, the ſurrender of tha 
place may be retarded 12 or 15 days: with one ſtage of coun+ 
termines properly diſpoſed under the glacis, the defence may 
be prolonged 20 or 25 days; and with two ſtages of counters 
mines, 40 or 50 days: thus with counter-guards before the 
baſtions, and mines under the glacis, ditch and baſtions, ſup» 
poſing the latter to be conſtructed on a good ſyſtem of demo- 
lition, the defence of 30 days may be prolonged to 80 or go, 
provided the proportion of ftores be ſufficient, | 

123. The number of rounds from each ſpecies of fire-arms 
having been thus regulated, it will be eaſy to apportion the 
quantity of ſhot, ſhells, grenades, lead and powder; allow- 
ing for each charge the quantity mentioned in paragraph 22: 
the allotment of powder for the countermines is to be com- 
puted from a general conſideration of their number and 
extent, 

To this proportion ſhould be added 100 rounds of caſe» 
ſhot for every flanking gun; and a competent number of 
hand grenades, and large ſhells, for rolling from the top af 
the breach upon the beſieger, when he has puſhed forward 
his epaulment to the foot of it; this number may be eſtimated 
at 1000 grenades, and 100 ſhells a day for each breach. 


124. For a ſiege of one month, the number of ſpare care 


riages and ſide- arms amount to half the number of 

for a ſiege of fix weeks, this proportion ſhould be doubled; 
beſide ſpare wheels and axle-trees. The mortar beds, &c. 
are in the ſame ratio. In caſe of aſſault, a number of pointed 
and cutting inſtruments, as eſpontoons and ſcythes, ſhould 
be provided: and ſome petards, blunderbuſſes and piſtols 
for the ſervice of the countermines. 


The neceſſary articles for a complete laboratory, and 


for making up every ſpecies of combuſtibles form a very eſſen- 
tial part of the ordnance ſtores ; the quantity of the latter 
ſhould be fufficient to light during the night the whole front 
of the attack, and to ſet on fire every part of the beſiegers 


works that can be burnt, The carpenter's, blackſmith's, and 


armourer's tools for repairing the damaged arms are likewiſe 
included in the proportion of ſtores. | 
In the diſtribution, a particular remark ſhould be made of 
theſtore houſes, in which the articles that are generally locked 
up 
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up are to be depoſited; diſtinguiſhing thoſe that may be 
wanted for common uſe, from thoſe that can be only want. 
ed in caſe of a ſiege: likewiſe the laboratory, carpenter's, 
blackſmith's, and armourer's ſhops. In very large towns 
_ they are generally fixed in ſome buildings at a diſtance from 
the attack; but in ciradels, forts, caſtles, and ſmall places 
which are expoſed on every fide, they muſt indiſpenſably be 
ſecured in bomb-proofs. The powder magazines are the 
moſt important and hazardous of all; they ſhould be d 
and ſecure, During the ſiege the powder ought to be 40 
tributed in ſeveral bomb- proof magazines at a diſtance from R 
each other; that in caſe of accident, the whole may not be 8 
blown up at once; and that the enemy may not be able to 
find out the quantity in ſtore. The nature alſo of the places 
in which the different articles are depoſited ſhould be attended 
to: ſince the powder, faltpetre, ſulphur, cordage, iron, &c. v 
ought to be depoſited in dry places; whereas the greaſe, oil, I 
pitch, candles and other articles ſubject to melt or evapo- C 
rate, ſhould be kept in very cool places. It being the duty $ 
of the engineers during the ſiege, to keep all the parts of the 6 
works in a proper ſtate of defence, they are to make returns R 
of the quantity of ſpare faſcines, gabions, pickets and pal- 8 
liſadoes, that may be neceſſary for that purpoſe: There is Y 
P 
C 


„ PY 


no danger of providing too great a number of theſe articles; 


for any that are not uſed in the repair of the works, may be 
collected together in the breach, and ſet on fire; which will if 
"1 | ſerve to prolong the defence of the place. Ir 


125. The following is a particular ſtate of the quantity 
and quality of the different ſpecies of ordnance ſtores requiſite 
for ſuſtaining a ſiege of 30 days in a fortreſs NN, (119). 


| Proportion of Guns, Carriages, Ammunition and Stores. 8 
| Ordnance, Carriages, and Side-arms. a 
| ” Nature, No. 
| Pr. 
| x 32 12 
| . c266ce0eeceaeeccce v BO 18 
| | | 8 12 0 
Iron ditto OOO T „„ „„„„Cöd „„ „%%% %„%„%„% „ „„ 6„%„% „ „ 0 18 I 

| Braſs ſhort ditto TITTY CwoILr MOU OO III 4 4 
Total of guns 64 
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Carriages of different natures for the above guns ........ 96 
Setts of ſide-arms for ditto «une crc ..... 96 
Mortars ES $6 20 8494 $509 5682+ 222% Stone 


© 

Z 

I 
IT 
S 


Beds for the above mortars .. .. . „40 
detts of ſide - arms for ditto ...... —(.—: 40 


Spare Arms for Carriages and Side - arms. 


Wheels with iron ftreaks for — of different calibres 36 
e coeooooremto corccetetmrmcemencncnccces | 
Checks for carridgges | | ciocore ooo ooco oorenodardcerttnccomentemcces  *B 
bpokes for wheels . . 
r recent? YO 
e yoo odd optocgeueges comcericectee "ZOO 


STR ORD © Gnooooer nome ooo orar comme harder — 100 
JJ oooh oldodnboreecatebebattece att natietecrodpiieccs BEE. 
Plates of copper for ladies . . „ 60 
Copper nails for ditto . . . . .. . .... Ibs. 20 
Iron nails for fide arme e ditto 40 
% 20 


Shot, Shells, and Grenades. 


„ 33200 
VIZ. 32 prs. At goo rounds ; a gun — 10800 
— 16 — At 600 round .. 10800 
— 8 — At 600 rounds for each braſs 
gun and 290 ditto for — 10800 
LENS. —— 
4 — At 200 roundes . $00 
Cale. thot for 32 and 16 _ A 2000 
Ditto for T SENIIECNS ak 409 
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Shells. 
Nanker, 


13 Inch ſhells at goo for each mortar u 3000 
Ditto to roll from the breach . .. . . 1290 
o Inch ditto at goo for each mortar .. 360 
| her ditto at 1200 for each mortar . . . . e, 22) 
— 1 2 3 3 „ 12000 
tones for the one · mortars at 
as ca 1200 | cart loads 1590 
r r 
yo Inch ditto . 0 — 4000 
r does 
Hand grenade . —.— 14900 
Bottoms of wood for ſtone mortars . . N 8000 
%% 3000 


Machines and their Apparatus. 


Handſpikes . . . nat 609 
r 40 
Long levers with n 10 
Quoins ... 4 +. 400 
Gins complete erp ů ů ů ů ů arte perbbactetinge b 
11 hovepe 4 
Capſtans 8 with RoW. —— 2 
Pullics - cc... „ 6 
½½yQ:ñ;m — — ——8 40 
—ͤ eres ane eorecoreeece cars rererogegpytyiiny ' 6 
Sling-waggons . . .. 00050000 0040 2505 0055 545209000098 3 
8 12 
Block · waggons . . .. . .... ..... 6 
Common dito... . .. 30 


nies 


Ropes for guns. ..... ...... ...... .... 5606 
Spare ropes for gins ——— 

Ditto for windlaſſes and capſians . 2 
Double ſlings . . . ...... .... .. . .... 


Ropes of various ſizes ...... . . . 18 — — 
Packthread  oorot-ooreoocoreoe $40 e005 006 2000005006 — 8 


Drag ro 8 . agoer vent? 6 96% 50 
era | Armoury 
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Amoury, 
Long wall- pieces . eoce 5005 c030050e 555900 000908 
Wall. pieces OOO I LL LL V 23 


„„. 


Muſquets 
— — 
Spare rammers for muſquets 


tees eee 


Op „% % % % „„ „„ „„ „„ „„ „tees 


. ̃̃——— — tine . 
een e 
Cuiraſſes with caſques „ „„ 
Am munition. 
Flints 2 
r 
: ew!, 
Lead for muſquet balls at 20000 rounds a } 
day, including ſorties ...... 274 
82 1.ñt . "BOYS 
. ee 
cut. 
viz, For rogoO rounds from 32 prs. at 
1043 Ib, each e his aims — 988 
For 10800 rounds from 16 ou at 55 b. 
each ..... 494 
For 10800 rounds from J rs. at 3 Ib. 
4+ 0. each . . 1 3 * 316 
For 800 rounds from 0 prs. at 1b. 
L009; 6 r. 4“ „% 25 
For 3600 ditto from 13 inch mortars 
2c. „« 395 
For 1200 ditto to roll upon the breach 
at . 313. ͤ „ 69 
* 600 ditto from 10 inch mortars 
os OS en. 
For 7200 ditto — royal ditto at 3 Ib. 
0 TW; — * 
For 7200 ditto from ſtone ditto at Alb. 6 
I 08 9 0.44 005000040000 0005 | 9 
For 12000 hand * 302. 4 ür. 


— 


22 — — 


For 
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cut. 

For 600000 cartridges for the infantry 182 
For 3000 cartridges for wall-pieces .... 300 
For artificial fre- works and combuſtibles g1 
Add 2 for accidents ..... 300 


1 
8 


Combuſtibles. cl 
| | {; 
Faggots dipped in pitch ...... . .. = 12000 v 


Iron grates for lighting the ramparts to be filled 
with different combuſtibles * 

Light balls of the diameter of the ſtone mortars 

CD ——— . —— 


ewt, grs. lbs, 
* compoſition to be put into the ſhells 54 — — 


Articles of different kinds. 


Number 
Oaken planks for + 46008 — m 1000 
— Q 509 
ä 1000 
e oo oamtmetccrocoreneracem cornioceeraioagtinarcnce 100 


Spare helves for intrenching tools . . . 2000 
Sand . 200000 
R © eoabcrooorotamenerenenceeernocechporpoeterpempes 100 
ä 000000000000 0002000000000 100 


Greaſe —— 2 * * 25 — 36 _— — 
Flannel for cartridges ———.— — yards 300 


Iron-work and Nails. 


ext, gre. (bt, 
\ Iron-work of forts for gun carriages and 8 22 
%% ¼Y———[ coretrcerecrceco amis 

| Iron-plate for carriages, round, ſquare and 1 
| — — — —-—-— ay 

| ,. ...... — — 

| E 18 3 

| — 3 12 

Iron wire . q „% 3 — = 

Steel WW I) I TOO I I I TOE TEE ITN 9 _ ; 


„„ Ah. FA ed FA Wd road 4% peed ed rod bend en % ed: ned og ed ed, 3 ew £5) PY 
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Articles for the Laboratory. for making up Compoſitions of 


various kinds, 


Powder; pulverized ſaltpetre; flowered-ſulphur; powdered 
charcoal ; crude antimony; roſin; tar; pitch ; turpentine z 
ſpirits ; ſpirits of wine rectified ; oil of olives and lintſeed; 
vinegar; yellow wax; ſuet; greaſe; aſſa- fœtida; glue; thread; 
fine and coarſe tow; linen and cotton cioth and barras; 
ſewing thread; old linen and match; faggots; iron wire; 
thin cord; ſmall iron chambers and piſtols for the carcaſes. 
The quantity of theſe articles depends on the number and 
kind of fire-works, and the nature of the compoſitions, which 
may be eafily known from the laboratory books. | 


Articles for the Laboratory for making up Fire-works, 


Number“ 
— . — 
— . —..———.— ̃ ——„V 
. encocend ene eante NG 
Tables ———r*——————̃ —„— 
Ditto for mealing powder and mixing compoſitions 

LANE CORY — „ 
— n ͤ —..— 8 2 
I rr 
Large peſtle and mortar of bronze .. 
— — — hr 
—A ——:. —-„—- HI 
— U ! ̃ ͤ——. ‚—;‚8 
%% AIONICONNEINDE- 05975 
. ˙ w- : 8 
%% ĩ˙¼ ——U ri?G,r! ] 
oe © ö . „ 
Large and fmall ſeiffars .. Pairs 
r 10 
Straight and crooked awls . . . ... . . ene8 10 
. ASA ³·¹-Aͤͤ 8 12 
„eee W „ 100 
—. AA ͤA—— Ts mo 8 
2 —TT—T—T0T0T0T0TTTTTT i 
CO EE ͤ—. — 8 6 


.. ·˙ꝛmA X 
U 3 Small 


„ ed 
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Small wooden bowls for holding Aube mer . —.— 10 
Benches for driving fuſes . e 
S .. 
— ee 
, ] ¾—%ꝶ p 
Wooden ſetters for fuſes 2 


— — TITS ITETITETITITTGG 10 
Small ditto ........ at 20 


Oaken planks with holes for loading the hand gre-7 
nades and fuſes . 
Bench with 2 beaks, one of iron and one of wood I 
Benches for tying up the fire pots, &c. — 3 
Lanterns ordinary and dark .... . 2 3630 
Eprouvettes for powder — —— — 
CORES ———4.1ÄꝗꝙçC„œ⸗Cö. . 60 
Dadrants....—.—.H—.—..—..—.—.—.—.— 30 
( 0 
Copper ladles .......... —— 0520000000005 iMG GUHHDONS 2 
CONT Ta . 4 
S ecrecereorregas cncetrroetcenidameon tied b 
Btaſs ſeales . 090002 00000005 9—j.— —— 2 
[ ＋[(ZPZP—8ñ com comnorer0me ox00 0020000c005 c0nenta hanged 12 
Large and ſmall oil -cloths . .. ... .. 05040440060 20 
Common compaſſes —— pairs 4 
Calibres 'onoconccrccme — — — comment pairs 2 
e imm 
Royal and common paper . ... — 10 
1 r———5ĩ ditto 2 
Flints, ſteels, tinder-box and matches . . 


Tacks and large nails ...... ...... .. OY ann ws 
Wax candles MW LOO j ã„ „„ 3 — — 


Intrenching Tools. 


111111 8900 
e — * 3 OD 
1. —— 0 40 
Large and ſmall 2 — — - 200 
Hand bills . esse ee een 3 0600 00000000 0008 500 


eee aaaEaoOOO © ww 0e 0 — 
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Tools for 12 Carpenters. | 


Broad axes . . EE OO ee eee 12 
„ „«„%ͤö.̃ cent tthegninn en nn 13 
K cx c2055000 oartecperatttoeniietentioen 4 
Common ditto of ſorts . . . 33 e 12 
Triangular files for aws . . . „ 24 
CCC 30 
Mortaiſe chiſſelss . ——̃ ͤ ͤ— dn 5 24 
Hatchetg corrererboodyoee cone voce do00 06 00400000 000 condone — 
Square and round gouges — — 16 
c cron 
Large and ſmall compaſſes — — 

. eoerecuyenhn ev hrommecee 16 


. 
— 
W 


e . cont c000000hnn0006 
Drawing kai... 
Sledge hammers . ...... ..... ...... b. 4 
„„  HD..- i 
Whetſtones —ů —— 2. 4 
e . 00055525 0025005 cnthenenee 

Iron (Owe ore eono0045 2205 e000 00290505 2000 00000000 00000000000 000000008 4 


Working benches | ——— — — — 


Tools for 6 Blackſmiths. 


Large bellows with anvils and ſtocks ...... — 
Forge ONES | pore eoee cow cocn c00000e0cocrenn-coopenmecammececes WAITY 
1666 —ů — 
e 4000 0000 008 2000 2990 0052 00020225 00000008 
TT 
. — 
Benches with beak i ch one large ox one ve ſmall — 
. .... 

Small anvilss — 


lron preſs for binding and treaking EE 


— 
NN 0 ON 


oer 


Tools for 12 Armourers. 


Forge bellows cc 


4 
Anvils with ſtock “L ——————.——.—.———.— 4 
Small anvils — III 6 


— ——— — 
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Nan, 
Forge hammers of ſizes ...... ... ..—.— 2 
rr r - oþ 
Benches with iron and wooden beaks . . . . 12 
Files of ſizes —— d V —E— Æ $445 44558 —— $455 $405 22 20 
Raſps 0000 0000 0000 0000 $000 0000 00660 0000 0000 0000 0000 0000 0000000: 0000 $005 $000 0000 50 
Planes $005 4 44. 946 —490jůẽůũñ „% „„„% 6 2„ͤꝶb[—: 4 « $505 454% 2% 
Large arid ſmall gouges ...... .... .... == 
Inſtruments for making ſcrews of ſixes . . 16 


2 r 1 
ugres 0000 00000000 0000e he cone coneneccecccecocecec 5600000 0000 2005 6504s I2 
Gimblets ET IE no On bo 
Drawing CEIVED | hnmrcnmoderooeeeecmecen $OG400408 $440055 2555 $205 $550 $540 12 
1 —— 0000000000000 0000000000008 005 0005 p00000 12 
With a proper quantity of coals for the black - ſmith and 

armourers, 4 


Tf the place be countermined, there ſhould be the ſame 
proportion of miner's tools as in the former inventory; 
taking care to increaſe the number of them in proportion to 
the number of miners, and : add the following articles. 
Oaken planks for manilets; beams of 5 inches by 7; planks 
for occaſional works, and for boxes to contain the powder; 
beams for making the frames ot the occafional works pitched 
wooden troughs ; ſiuciſſuns made of coarſe cloth; large 
oil-cloths; ſand-bags; petards of ſizes; ſhells ; piſtols; 
b:'underbuiles ; tin chandeliers. Lanterns ; olive-oil ; can- 
les ; nail. of 40 to the lb.; powder; clay; old dung; in- 
flemmabie and fetid compoſitions. The quantity of each 
or theſe articles ait be apportioned to the manner in which 
the mines are charged, and to the method of carrying on 
the ſubterranean war, whici will be enlarged on in the th 


chapter. 


126. The number of artillery-men for the daily ſervice 
of the guns and mortars contained in this inventory, may be 
eaſily interred from the tormer remarks on that ſubject (57): 
f..ice times that nun ber will be the proper compliment for 
the defence of the place; one part is on duty on the bat- 
ter, and the ſe ond is preparing «nd providing the batteries 
tl; Cores, while the third is repoſing. If the corps of 

erz be not ſufficiently numerous for all theſe duties, 
mut furmih a certain number of additional gun- 
nen at leait, ſhouid be attached to every = 
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vt ordnance ; ſo that if there be 60 guns and 20 morrary 
in the place, there ought to be 320 arillery-men, beſides 

jeants. ho every piece of ordnance there ſhould be a 
ſkilful expert man to direct the loading and la ng, and the 
additional gunners ſhould be allowed for in the demand of 
troops made for the garriſon, Beſide the commanding offi- 
cer of artillery, there ſhould be 5 or 6 others of inferior rank; 
and even more, if the place be capable of -making a long 
defence. 

The number of carpenters, black-ſmiths, and armourers 
will be regulated by the proportion of tools in the prece- 
ding inventory; part of them may be taken from the artil- 
lery, the reſt from the infantry of the garriſon, or the inha- 
bitants of the place. 

With one ſtage of countermines, and a Jarge gallery, 
where it is poſſible that the miners on both ſides may meet, 
their number ſhould be 200; and zoo, when there are two 
ſtages of countermines, with two officers, and two non- com- 
miſſioned officers : part to be taken from the miners belong- 
ing to the artillery, the remainder from the garriſon ; taking 
care that the latter are men of approved courage and fidelity, 


CHAP. IL 


Or THz TIR ST DisPos1TION TO BE MADE FOR THE 
DEFENCE OF A FokTREss N N, 


127. Ta E magazines being furniſhed with the ordnance, 
ammunition and ſtor-s contained in the inventory; ev 
article depoſited in the place allotted for it in the diſtribution 
the projected worss completed, and the countermines pre- 
pared ; the commanding officer of artillery on the apprehen- 
ſion of a ſiege, makes under the orders of the governo his 
diſpoſitions for defence: diſtinguiſhing the operations neceſ- 
fary to be performed previous to the inveſtiture, from thoſe 
that may be deferred till the piace is inveſted, | 

128. In the firſt place, the muſquet cartridges are made 
up; light-balls, pitched faggots, and fire-pots prepared 
the fuſes drove; a certain number of ſhells filled; and in 
ſhort, every thing in the laboratory put in ſuch a ſtate of for- 
wardneſs, that in caſe of an attack, nothing will remain to be 
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. Gone but te fill he reſt of the ſhells and grenades'; and 


make up combuſtibles as faſt as they are wanicd All the 
guns are mounted; part an the moſt attackable trois, the 
reſt on the barbette batteries: each of which ſhauld be ſpa- 
eious enough to contain ſeveral guns, the better to com- 
mand the adjacent country; and the governor directs the 
ineers to cut out the embrazures in the flanks, 
1 the place be countermined; a quantity of well ſifted 
earth is laid -in different parts of the galleries, and frames 
and planks prepared for carrying on freſh branches: an 
exact plan and profile of the countermines are taken, which 
ſnould be very caretully preſerved ; and the miners drive 
ſmall ſhafts on every tide to determine the nature of the 
ground, with a view of aſcertaining the time requitite for 
making an excavation of a cubical foot ; and judging how 
far the ſound of the enemy's miners at work can be heard; 
which entirely depends on the tenacity of the ſoil : that no- 
thing, in a word, may be wanting to render the ſuhterrancan 
ations conducive to ſucceſs ; experimenis are made, to 
determine the line of leaſt reſiſtance for a chamber, made 
between the ſurface of the ground and an excayation 9g 
feet below it (which is the depth of the work that the 
beſieger ſhould carry on in ſearching for the counter- 
mines) and to aſcertain the charg-: for only ſhaking the 
earth, and burying the enemy's batteries without making a 
large entanngir. The care of the miners is intruſted to an 
intelligent officer; ſome men are occalionally picked out 
from the infantry for that ſervice. The carpenters, black- 
ſmiths, and armcurers ſhops are fixed, that they may pre- 
pare the ſeveral articles belonging to them ; and ſome horſes 
and oxen procured for removing the guns and ſtores to any 
part where they may be wanted, with a ſufficient quantity 
of forage for their ule. 

As cecpnomy in the daily iſſues of ſtores, and in the extra- 
pay to the artillery-men and additional gunners is a matter 
of great moment; a commiſſary and ſome clerks of ſtores 
gre appointed to keep an account of all iſſues and expen- 
ditures, that exact returns of every thing may be made out 
when called for. : 

129. At the ſecond epoch (127) viz. when the place is 
inveſted ; the commanding officer of artillery directs the 
powder and every other article that will be wanted during 
the ſiege, to be diſtributed in the different magazines; pod 
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the thells and grenades to be filled and depoſited in ſecure 
places: this ſhould be done before the enemy opens his bat- 
teries. The amuzettes or wali-pieces with their ammu- 
nition are carried to the advanced works, particularly on 
the ſide where the enemy is breaking ground; and the bar- 
bette batteries furniſhed with powder and ſhot, and a de- 
tachment of men for firing at the parties of the enemy that 
advance to reconnoitre the works, or drive in the out-poſts 
of the garriſon ; the officer charged with this duty, after 
receiving directions from the governor with reſpect to the 
parties detached from the * ſhould remain on the 
batteries during the whole day, to ſeize every opportunity 
of annoying the enemy. 

An officer of the civil branch is appointed to aſſiſt the 
ſtore-keeper, through whoſe hands all iſſues of ſtores muſt 
paſs, as he is beſt acquainted where each article is depo- 
ſited ; this officer is intruſted with the key of the maga- 
zine, whence the daily iſſues of powder are made: the keys 
of the other magazines remain according to cuſtom with 
the governor and ſtore-keeper. 

It may be neceſſary during the ſiege to project ſhot and 
ſhells to different diſtances according to the ſituation of the 
beſieger's park or powder magazines; the following table 
therefore ſhews the ranges of guns and mortars : the charges 
are ſuppoſed to be + of the weight of the ball for muſquets, 
&c. g of the weight of the ſhot for 4 and 8 prs. ; and + for 
16 and 32 prs. The chambers of the mortars are elliptical, 
and filled with powder ; thoſe of the ſtone-mortars are in 
form of a troncated cone. 
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Point Blank. Longeſt Range. 


Yards. Yards. 

% . 270 1348 

Wall- piece . . . . . . JO 1550 

Long wall-pieces . . . 43 2360 

4 br. . 438 3035 

— —— 3372 

„ pe 3541 

2 * 4046 

oyal q$80 90990000 $0900 00000 05000008 1348 

10 inen . — a 1686 

Mortars 4 13 ditto ... . G 2192 

17 ditto ...... — 2697 

. 337 
CHAP. III. 


Or THE D1sPOSITIONS FOR THE ACTUAL DEFENCE. 


130. W EN it is known either from the previous diſ- 

tions of the enemy, or from his breaking ground, which 
fron- he intends to attack; the commanding officer of art illery 
directs the guns allotted for that front to be drawn to it; 
placing thoſe of the fame calibre together, to avoid the con- 
fuſion ariſing from mixing the ſhot ; and makes the carpen- 
ters lay down the platforms for the guns in the flanks. The 
engineers conſtruct in the works of the front attacked, occa- 
ſional magazines for containing the powder and cartridges 
for one day's expenditure. The infantry furniſh the neceſ- 
fary number of additionals to aſſiſt in working the guns; the 
ſame men ſhould be always attached to this duty, to fave the 
trouble of inſtructing every day a freſh ſet, and ſhould be 
under the care of their own non-commiſſioned officers. 

The commanding officer of artillery then makes out 4 
plan of defence as far as reſpects the artillery, which he fub- 
mits to the governor for his approbation ; and afterwards 
communicates it to the ſeveral officers under him, that being 
acquainted with the principles on which the defence is to be 

conducted, 


IN TIME OF WAR. 317 


conducted, they may do their utmoſt to contribute to its 
ſucceſs. ä 

131. In this plan, the firſt axiom is to retard as much as 
polfible the progreſs of the beſieger, and to multiply his dangers 
and difficulties : this is effected by a judicious application of 
fire-arms, ſallies, and countermines. The whole front of 
the attack is lighted during the night, that the artilleriſts 
may direct their guns with greater preciſion, and diſcover 
the movements of the enemy ; which will enable the gover- 
nor to judge when and on what fide, a fally may be made 
or a mine ſprung, to the greateſt advantage. 

132. At the beginning of the ſiege the garriſon throw 
ſhells filled with combuſt:bles to light the front of the attack 
during the night : when the enemy is advanced within 350 
yards of the works, light balls are uſed for this purpoſe z 
and when he approaches the covered way, pitched faggots 
are thrown oa the glacis to diſcover his works : and, finally, 
faggots and grates filled with combuſtibles are placed on 
the parapets of the advanced works, whenever the enemy 
is endeavouring to effect a lodgment. 

133- It is an eſtabliſhed maxim in making fallies, that 
they be ſupported by a heavy fire of artillery and 1 
diſpoſed in the moſt advantageous parts of the works for 
compelling the beſieger to remain within the trenches, or 
expoſing him to great loſs if he advance to . the at- 
tack : wherefore the ſally ought to be previouſly concerted 
with the commanding officer of artillery, who ſhould fug- 
geſt any method that occurs to him of rendering the fire 
of the artillery more effectual in covering it. 

134. The ſervice of the countermines will be diſcuſſed 
in the ſubſequent chapters ; at preſent we ſhall enter into 
a detail of the other diſpoſitions for defence (131). When 
the beſieger begins to break ground, the proper detachments 
are ſent to the barbette-batteries, with injunctions to let 
the additional gunners aſſiſt in working the guns, that th 
may become expert : this party, and all others on the dif- 
ferent batteries during the ſiege, are relieved every 24 hours. 
The fire from ' theſe batteries is directed during the day 
either againſt the unfiniſhed parts of the trenches, or to 
enfilade the communications; as may appear moſt advan- 
tageous. In the evening, precautions are taken that the 
guns may bear during the night on the part moſt likely to 
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diſtreſs the enemy; ſhells filled with combuttibles are from 
time to time projected to light the country { 132). 

135. When the ſituation of the enemy's firſt batteries 
ia known, the embrazures on the faces of the baſtions and 
the other works oppoſed to the attack are opened, and the 

tforms laid; this ſhould be completed in 24 hours, 

he direction of ſome of the embrazures ough', in conform. 
ity to the eſtab iſhed axiom (131), to be towards the ground 
on which the enemy muſt carry on his ſap; the others 
againſt the batteries, oppoſed to the guns that fire upon the 
hi ad of the ſap: it would be a manifeſt departure from this 
principle, to oppoſe gun to gun without regarding the ſap ; 
and the error would be till greater, to fire againſt works that 
are alreaily completed, and conſequently proof to cannon- 
ſhot, The commanding officer of artillery points out the 
objects againſt which the fire is to be ditected, enjoins the 
molt exact attention in loading and laying the guns, and 
forbids them to be altered. He goes round the attack at 
leaſt 3 times every 24 hours ; early in the morning, to re- 
connoitre the enemy's works, and alter the direction of the 
guns, if neceſſary; in the afternoon, to take memorandums of 
| What ammunition may be wanted; and in the evening to point 
out where the light-balls are to be thrown, and fee that rhe 
fire both of artillery and muſquetry is directed againſt the 
unfiniſhed parts of the enemy's works. 

136. When the batteries are mounted with cannon, the 
guns are withdrawn carly in the morning from the barbette 
batteries, and brought back at night to entilade the com- 
munications: this manceuvre is continued till the enemy's 
muſquetry is advanced too cloſe to the werks. The 10 
inch and royal mortar batteries are opened, as ſoon as the 
- befieger advances his communications between the ſecond 
parallel and the place : theſe mortars ſhould be placed in 
ſuch a ſituation that, in ſpite of the inevitable irregularity 
of the ranges, the ſhells may fall on ſome part of the ap- 
proaches. During the night, light- balls are projected to 
aſſiſt the direction of the cannon and muſquetry. When 
the approaches are advanced within 300 yards of the co- 
vered way, the ſtone-mortars come into uſe; they are 
planted in the ſaliant angles of the covered way, againſt 
which the enemy is directing his approaches. All the mor- 
tars fire day and night: when the third parallel is nearly 
finiſhed, the ſtone - mortars are withdrawn from the covered 
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way; and placed in the works immediately in the rear, at 
the foot of the barbette batteries, to fire into the enemy's 
lodgments on the creſt of the glacis, when the garriſon is 
obliged to evacuate the covered way. 

White the befieger is working at the third parallel, great 
number ot pitched faggots are thrown upon the glacis during 
the night from the covered way : the guns that enfilade the 
glacis are directed againſt the lodgements on the creſt of it 
and every embrazure that flanks the enemy's approaches is 
- furniſhd with cannon. 

137. The third parallel being completed, the enemy's 
difpolitions ſhould be carefully obſerved to judge whether 
he medginates an attack on the covered wav by ſtorm or ſap; 
if the former appears to be his intention, the guns that enfi - 
lade the creft of the glacis and the covered way, ſhould be 
farniſted with flannel cartridges for quick firing, and ſome 
rounds of caſe or grape- hot; and the men attached to them 
inftrated how to conduct t emſelves in caſe of an afſauit 2 
at the cloſe of day, quantities of pitched faggots ſhould be 
thrown on the glacis, and the fire-grates lighted in the 
faliant angles of the moit expoſed works. 

When the enemy has gained the creſt of the glacis, round 
ſhot thould be tired from all the guns that etifilade it, till 
the garriſon is compelied to abandon the covered way; then 
ca'e-thot ſhould be fired: the mortars ſhould keep up an 
inceſſant fire on the returns of the faliant angles of the glacis, 
where the beſieger mutt eſtabliſh his communications, 

The garriſon will rally in the places of arms and the 
ditch, and endeavour to regain poſſ-flion of the poſts they 
have lot; the fire from the ſtone-mortars ſhould ceaſe the 
inſtant the troops ate in motion for that purpoſe, and the 
cannonade re- commence. ; 

In all affaults, the officers of artillery ſhould be ſtationed 
in the works that contribute moſt to the defence, with di- 
rections how to act on every emergency: their command- 
ing officer ſhould take up his ſtation at the point of the great<- 
eſt importance. 

138. When the befieger has gained the creſt of the glacis 
by ſap, all the mortars ſhould play on the communications 
that will be made along the faces; and while the ſap is car» 
rying on, it ſhould be enfiiaded by the guns and mortars 
that bear on it. If the guns in any of the attacked works 
can plunge into the enemy's lodgments on the glacis, ſome 

embrazures 
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embrazures "ſhould be repaired : throwing light: balls during 
the whole night, that the firing may be the more exa& 
and effectual. The ſame diſpoſitious ſhould be continued, 
while tie enemy is conſtructing and firing from the batteries 
in breach; and be fupported by a coritinual fire of muſ- 
quetry, directed againſt the embrazures of the batteries. 
- 139. The beſieger having completed his deſcent into the 
ditch, and begun epaulments to cover his approach to the 
foot of the breach, every poſſible exertion ſhould be made 
to retard his progreſs : the guns ſhould fire inceſſantly againſt 
the epaulments with round ſhot ; ſhowers of ſhells, and 
hand-grenades be thrown from every part ; and when the 
enemy has 'gained the foot of the breach, the largeſt ſhells 
ſhould be ſet fire to and rolled down. | 

Theſe diſpoſitions intended for the out-works will be till 
more effectual from the body of the place, where the fire 
from the flanks that defend the breach is greatly ſuperior 
to the enemy's : fince, beſide this flanking fire againſt the 
epaulments, a heavy fire can be alſo directed againſt the 
counter- battery. < 

A breach having been made in any of the out-works, 
the artillery ſhould be withdrawn in time, and placed in ſome 
work in the rear of the one that is diſmantled, in order to 
fire into it. When the guns are withdrawn from the rave- 
lin, ſome embrazuresthould be opened in the curtain, chat 
the beſieger may be expoled to a heavy fire from many points 
at once, the inſtant he attempts to lodge himſelf in the 
ravelin. _ | 

140. The breach being rendered practicable, a great num- 
ber of burning taſcines and light-balls ſhould be thrown 
into it; and over theſe dry faggots and combuſtibles of all 
kinds: when this expedient is exhauſted, all the guns and 
mortars ſhould be pointed at the breach, to mow down the 
enemy's column in mounting to the aſſault. 

rom the different methods of repelling aſſaults explained 

in the ſecond book of Military Architecture, the officers of 
' artillery will ſee in what manner the defence of a fortreſs 
provided with ſtores of all kinds, may be protected by their 
ſkillful and judicious conduct, combined with the exertions 
of the other parts ot the garriſon. | 

Though the preceding regulations may ſeem to be adapted 
only to places where the works mutually ſupport and com- 
mand each other, and every point in the environs; yet 
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they are equally applicable to fortreſſes ſituated on mountains 
wich different profiles: provided that in the proportion of 
ftores, an additional number of mortars and combuſtibles 
be allowed for the defence of the dead angles, which fre- 
quen ly occur in places in ſuch ſituations ; and the weak 
points be carefully diſtinguiſhed from thoſe that are inacceſſi- 
ble, even when a breach is effected. 

141. When at length, the place is no longer defenſible, 
the chamade is beat: at the ſurrender the commanding offi- 
cer of artillery in terms of the capitulation, will give the 
enemy an exact inventory of the ordnance and ſtores, If 
permiſſion be granted to take out any covered waggong, the 
largeſt guns ſhe uld be carried out on block waggons covered 
with oil-clotlis, and not inſerted in the inventory given to 
the enemy, But if the ſiege be raiſed, all the ſtores liable 
to be pillaged ſhouid be immediately carried back to the 
magazines, and a general inventory taken, diſtinguiſhing the 
ſerviceable from the unſerviceable; the guns and mortars 
ſhould be alſo examined, and thoſe that are damaged ſent to 
the foundery. 


CHAP. IV. 


Or ThE DEFENCE OF THE COUNTERMINES, 


142. IN the greater part of ſieges, the beſieger has 2 
decided advantage; for the environs of moſt places being 
ſufficiently ſpacious, it is in his power to plant a very nu- 
merous artillery in his firſt batteries, and eſtabliſh a fire ſupe- 
rior to that of the place : but in the attack of a fortreſs where 
the countermines are judiciouſly diſpoſed, the garriſon at 
the inſtant. the beſieger is endeavouring to lodge himſelf on 
the glacis, and in the other works regains their ſuperiority ; 
lince he is under the neceſſity of feeling his way with much 
danger and loſs of time, in order to aſcertain the ſafety of 
bis lodgements and batteries ; without knowing the points 
where the beſieger awaits him, and often finding himſelf 
buried in his own works at the moment he leaſts expects it. 

143. To oppoſe the beſieger effectually in his reſearch 
for the countermines requires much diſcernment, an uninter- 
rupied vigilance, and great exertions of bravery, The fun- 
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damental maxim is fo anticipate the attempts of the enemy, 

and to reſerve as long as poſſible the counter mines deſigned 

for blowing up the principal tadgements, and the batteric in 

breach. Fe or this purpoſe ; . 

; 1. The proviſional branches ſhould be completed by 
the time that the beſieger reaches the foot of the glacis. 

2. The enemy's miners ſhould never be allowcd to 
get below the countermines, fince in this warfare who. 
ever has loweſt ground has the advantage. 

3. Every attempt ſhould be made with fougaſſes and 
petards to deſtroy the enemy's works at a diſtance from 
the permanent countermines, 

4+ The charges for ruining the enemy's works 
ſhould be calculated to produce the defired effect without 
running any riſque of damaging the permanent coun- 
termines. 

5. When to fruſtrate the enemy's attempts, it is 
nceeſſary to ſpring a mine at a point, that may inter- 
rupt the communication with ſome of the permanent 

countermines; a freſh communication ſhould be imme- 
diately made from the branches, or the neareſt gallcri:s, 

6. Proviſional branches for feeling for the enemy 
will be moſt effectual, when made to the right and leſt 
at the ſame time. 
144. To convey a general idea of this ſubterranean war, 
let us ſuppoſe a place with two ſtages of countermines ; that 
rmanent and proviſional works are prepared along th? 
nt of the attack, when the beſieger gains the foot of the 
glacis; and that the foil has depth and tenacity enough to 
enable the beſieger to execute any work he may judge necel- 
ſary. Thi objects of the befieger being to render uſcleſs the 
countermines of the place, in order to fecure his principal 
lodgements and batteries in breach, he will be obliged eithet 
to attack them in front by the means of ſlopes and galleries; 
or to attack the paſſages leading to them by finking ſhafts in 
the covered ay (Part I. Chap. VII.): the following are 
the diſpoſitions for oppoſing theſe attempts, 
145. The front that the enemy intends to attack being at 
length known, a larger quantity of earth is carried into the 

lleries on that fide: and when he approaches the foot of 
the glacis, filled ſand-bags are ranged along the galleries 
without obſtructing the paſſage, and a large quantity of dung 
laid in the ditch near the entrance of the counttrmines. n 
| mine 
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miner is poſted in every three or four branches that point 
towards the enemy to liſten whether he be at work: on 
hearing him, the miner ſhould keep flrict ſilence, and redou- 
ble his attention to aſcertain exactly the fituation, diſtance 
and nature of the work he is carrying on. If the enemy in 
making his lodgments meet with one of the ventilators of the 
mines, the bottom ſhould be immediately cloſed with a ſand- 
bag, and the ſpace between the bottom of the gallery and the 
ventilator filled up very ſolidly. When from the nature of the 
ſoil the enemy can drive his ſhafts under ground without being 
heard, a well braced drum ſhould be placed at the ſuſpected 
points with ſome grains of ſand on the parchment,” which 
will moye when the ground is. ſtirred or ſhaken, 

Having aſcertained by one of theſe methods that the enemy 
is advancing towards the countermines, the five following 
caſes may occur, r otuitt. | 

1. His ſhaft may fall on one of the branches of tho 
firſt ſtage. ; ulis. 
2. Or on a gallery of the firſt ſtage. J 
. It may approach very near to a branch or gallery 
of * firſt ſtage. 
; 4. It may fall on a branch or gallery of the ſecond 
age. 
It may fall obliquely on the countermines of the 
ſecond ſtage, without the beſieger being overheard in 
working from the countermines of the fiilt ſtage. 

146. The general method of appoſing above ground theſe 
attempts of the beſieger is to throw ſhells into the ſhafts ; 
the ſituation of which is eaſily diſcovered by the ſoil of the 
excavation : the exploſion of a ſhell falling into a ſhaft, ren - 
ders all further attempts for ſome time impracticable. 

Another method equaliv effectual is to make a ſally, and 
throw into the ſubterranean works of the beſieger combuſti- 
bles of a very fetid nature, to render the air unfit for reſpi- 
— Beſide this, the following oppoſition is made under - 

und. 

2 Should a ſhaft fall on a branch of the firſt ſtage 
(145, No. 1), it ſhould be immediately filled with ſand- bags 
preſſed cloſe together for the ſpace of 20 feet; in the middle 
of this ſpace immediately under the ſhaft 4 or 5 loaded ſhells 
ſhould be laid with the fuſes of ſuch a length that they may 
all burſt together: they are ſet fire to by a ſauciflon the 
moment the beſieger gains Mo roof of the branch, * by 
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their exploſion deſtroy the ſhaft and looſen the foil, fo that 
the beſieger wil: be unable to renew his work without great 
trouble and loſs of time. 

In atenacious ſoil, a hole about 4 feet ſquare may be made, 
by taking ſome bricks out of the roof of the branch at the 
part where the ſhells are lodged, and ſupporting the earth with 
planks; the exploſion of the ſhells will do more injury to 
the ſhaft and leſs to the branch, 

When the ſhaft falls near the extremity of a branch, a 


box containing about x cwt. of powder may be placed clote to 


it, the branch filled with ſand-bags and dung for the ſpace of 
10 feet, and a ſauciſſon laid in a wooden trough 10 ſet fir: 
to the powder, the moment the beſieger reaches the roof of 


the branch. 


148. In the ſecond caſe, viz. of a ſhaſt falling on a gal- 
lery of the firſt ſtage leading to the advanced countermines ; 
ſome ſtrong treſiles equal in length to the width of the gallery, 
and about 24 feet high ſhou!d be inſtantly placed under the 
ſhaft acroſs the gallery, and ar the diſtance of 5 or 6 feet 
from each other; and upon theſe ſhould be laid a floor of 
planks 20 feet. long, and the ſpace between them and the 
Tool filed with fand-bags: 4 or 5 large ſhells ſhould be 
then placed on this floor, diſpoſed as in the preceding para- 
graph, and ſet tire to the moment the beſieger reaches the 
Toot of the gallery. As by this method. the communication 
is kept open below the treliles, it is pr<ferable to the other of 
filling the whole ſpace with ſand-bags. Beſide, if the coun- 
termines to which the gallery leads be of great importance, 2 


+ freſh communication may be made from the nearelt branches 


or galleries, after the exploſion of the ſhel!s, | 
Tue beſieged ſhould perform theſe operations as ſilently as 
poſſible; not uſing hammers to knock out the bricks of 


make holes in the roof, but forcing them out with levers, 


that the beſieger may net be aware of his danger. But the 
operations of the beſieged will not fail to be diſcovered in 
the three following circumſtances, | 

149. When the ſhaft paſſes near a branch or gallery of 
the firſt ſtage (145, No. 3,); its direction and diſtance being 
known, the beſieged ſhould aſcertain whether the ſhaft when 
ſunk till it meets with water or rock will be near enough to 
any of the permanent countermines to deſtroy them : It that 
be the cafe, he ſhould carry on horizontal branches on both 
tides to find out the ſhaft, and have every thiag in rexdine® 
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for charging a chamber inſtantly to deſtroy it. As the be- 
fieger mult be aware of this, the beſieged thould attentively 
Iten to find out when he ceaſes to work, which will be a 
fign that he is charging his chamber; taking care to diſtin- 
gviſh between the ſound that is made in hojlowing out the 
e-r.h, and a noiſe frequently made to counterfeit it, in order 
to deccive the beſieged. 

When the beſieger ceaſes to work, the diſtance between 
the branch and the ſhaſt ſhould be compared with the diſ- 
tance between the bottom of the thaft and the ſurface of the 

round; and if the line of teaſt reſiſtance be towards the ſur- 
Fee, it it will be ſufficient to make a noiſe ſimilar to that of 
removing earth, without proceeding any farther : which will 
make the beſieger believe that the work is always going on, 
and induce him to ſpring his mine without doing any detri- 
ment to the countermines, yet greatly to his own diſadvantage; 
ſince after the exploſion the ground will be unfavourable to 
any future work. But if the line of leaſt refiſtance be on 
the fide of the branch, a chamber (ſhould be inftantly charged 
with a proper quantity of powder and ſprung. ir the be- 
ſieger, notwith(tanding, continues his work, the branch 
ſhould be advanced within 7 or 8 feet of the ſhaft, that ir 
may effectually deſtroy it, without doing any damage to the 
countermines (143). | 

150. In the tourth caſe, viz. -of the ſhaft falling on a 
branch or gallery of the lower ſtage, the beſieged will make 
the ſame diſpoſitions as before (147, 148), and ſet fire to 
the ſhells the inſtant the beſieger reaches the roof of the 
gallery ; When the ſhaft paſſes near any of the counter- 
mines of the firſt ſtage, the beſieged will carry on horizontal 
branches as directed in the preceding paragraph, inaking at 
the ſame time the neceſſary diſpoſition in the countermines of 
the lower ſtage, that are threatened by the enemy. 

When the thaft without paſſing near the countermines of 
the firſt {tage falls obliquely on thoſe of the ſecond, horizontal 
branches thould be carried on from the lower ſtage in the 
ſame manner as directed for the upper one. | 

151. The ſubterranean war is ſtill more in favour of the 
beſieged, when the belieger attacks the countermines in front 
by the means of galleries or branches; ſince the former will 
be then enabled to diſpute the ground inch by inch. When 
the enemy's gallery points towards a-proviſional branch, he 
ſhould be waited for in ſilence, till arrived at a proper diſ- 
4 ; X 3 tance, 
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tance, and a mine ſprung to deſtroy his works (147). Pit 
if he advance on a permanent branch at a diſtance from the 
proviſional ones, the neareſt proviſional bratich ought to be 
carried forward to meet him as before directed. 

151. It may happen either through the negligence of the 
beſieged, from the nature of the ground, or the inſtruments 
uſed in boning it, that the beſieger may without being heard 
gain the wall of the countermines: in this cafe, à large 
petard well propped behind ſhould be inſtantly fixed againſt 
the part he is approaching, and the ſcrews that faſten it to 
the plank taken out, that it may act againſt the wall with 
greater force and do the enemy more damage: as ſoon after 
the exploſion as the ſmoke will permit, the miners ſhould 
examine if any communication be opened between the coun- 
termine and the enemy's works ; throw in quantities of fetid 
combuſtibles; cloſe the hole hermetically, to prevent the ſtench 
from paſſing into the countermines ; and block up at the 
fame time all acceſs to the belieger. 

Shoulq; the beſieger gain an entrance into any of the coun- 
termines, ſome of the moſt reſolute miners armed with cui- 
raſſes and blunderbuſſes ſhould be ſent to drive them as far 
back as poſſible, and the communication be interrupted and 
blocked up with ſand- bags; all ſorts of combuſtibles ſhould be 
thrown. into the iutercepted part to compel the enemy to 
abandon it, 

152. The garriſon ſhould never relax in oppoſing the deſigns 
of the enemy, even though all-the permanent countermines 
are by degrees deſtroyed and they are thus deprived of the 
means of blowing up the enemy's batteries; ſince the de- 
fence of the place will be thereby conſiderably protracted ; 
Whereas ſhould they under the idea of preſerving the perma- 
nent works entire, be too cautious in counteracting the be- 
ſieger, he may by carrying on his enterprizes under ground, 
render all the countermines uſeleſs; and deprive the garriſon 
of every benefit that could reſult from them. 

After ſpringing a mine, the miners ſhould never be too 
haſty in removing the earth or rubbiſh that chokes up the 
paſſage to it, or in examining its effects; this reſearch being 
attended with no utility, and moreover, very dangerous: 
the ſmell and ſmoke ſhould be drawn away, and the air pu- 
rified by placing mantlets at the entrance into the counter- 
mines, with tin pipes hxed in them and communicating with 
the place where the mine was ſprung. The miners in — 
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mean time ſhould be liſtening. in the other branches to diſ- 
cover the enemy's operations, n 

154+ T he ſame directions are to be obſerved, in defending 
the countermines under the ditch, in the out - works and in 
the body of the place. ern 

Theſe operations ſhould be always ſupported by the ſallies 
of ſmall parties, made unexpectedly in the ditch, to kill the 
enemy's miners, and throw fetid combuſiibles into their works. 

From the method of attacking countermines, treated of 
in the farſt part, it will be eaſy to aſcertain whether the pro- 
viſional works, in either of the three caſes mentioned at 
the end of the third book of military architecture, are pro. 
perly combined: if not, the defect may be eaſily remedied, 
in making out the proportion of ſtores for the place, | 


PART V. 


Or Tas USE of Permanent CoOUNTERMINES IN THE 
DerFgnces or PLACES. 


186 Fovrg ASSES and permanent countermines 
being intended to overturn the principal lodgments arid 
batteries of the beſieger, the following is the mode of attain- 
ing this object. When the belieger begins to make the third 
parallel, all the fougaſſes on the front of the attack are 
charged with the quantity of powder found by experiment 
(128) to be adequate to the line of leaſt refiſtance ; the ſau- 
eiſſons of communication are laid in pitched Wooden troughs 
ſunk in the ground about a foot deep along the palliſadoes, 
that, if the enemy attempt to carry the covered-way by aſ- 
ſault, he may not be able to cut them off. Theſe communica- 
tions begin at the ſaliant angles of the covered-way, and 
terminate at the re- entering angles of the places of arms; they 
are ſo diſpoſed, that the fougaſſes at the moſt ſaliant angles may 
be ſprung ſeparately; then thoſe before the faces of the baſtions 
and ravelins; and laſtly thoſe in the faces of the places of arms: 
The ſauciſſons ought to be frequently changed when there 
is reaſon to apprehend that they may be injured by the hu. 
midity of the ground, | 
156. Then, the covered- way being ſtormed, and the gar- 
riſon forced to abandon the faliant angles and retire into 
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the places of arms; it will be a matter of conſideration, 25 
the number and diſpoſition of the enemy will be diſcovered 
by means of light balls, &c.) whether it will be more adviſe- 
able inſtantly to ſpring the fougaſſes, or wait till their lodg- 
ments are completed: This muſt depend on the garriſon, 
and the circumſtances of the ſiege. Suppoſing the attack to 
be ſo vigorous that the garriſon is compelled entirely to 
abandon the covered-way, a ſtrong detachment ſhould under 
cover of a heavy fire from all the works that command the 
places of arms force their way into them again, and ſet fire 
to the ſauciſſons that lead to the fougaſſes; and immediately 
after the exploſion, retire to their former poſt, and pour in 
à very heavy fite of muſquetry. 

157. If the beſieger attempt to get poſſeſſion of the co- 
vered way by ſap, the fougaſſes ſhould be ſprung ſucceſſively, 
accordingly as he makes his lodgments; taking care to 
ſpring them before the enemy can diſcover and render them 
uſeleſs. 

158. The beſieger having re-eſtabliſhed his lodgments on 
the creſt of the glacis, and begun to conſtruct his batteries in 
breach, the chambers of the countermines of the firſt ſtage 
beneath the batteries are charged : the quantity of powder 
ſhould not be too great for the following reaſons. 
| 1. Leſt the beſieger lodge himſelf in the excavation 

odr entonnioir z the ground ſhould only be ſhaken enough 

to overſet the batteries and bury the guns. 

2. Not to damage the contiguous countermines by 
© "too violent an explotion ; which might render them of 

no effect in oppoſing the enemy in making his deſcent 
into the'ditch. * 
3. Not uſeleſsly to expend powder, which may be- 
fore the concluſion of the fiege be wanted for fome 
eſſential parpoſe, g 
' 159. That the charge may act only on the fide of the line 
of leaſt refiſtance, the paſſage to the chamber ſhould be very 
ſolidly filled up for a length and half of the line of leaſt re- 
fiſtance. For example, ſuppoſe the chambers A, B, (Pl. 5, 
Fig. 9g) are to be charged, and each branch CD, EF, be 
equal to the line of leaſt reſiſtunce: in AC D, BE F, lay 
a layer of dung 4 or 5 inches deep, and place in each cham- 
ber a well pitched wooden box of the proper ſize to con- 
tain the powder: having filled it and applied the ſaueiſſon, 

cover it with planks ; and in caſe of damp with * 

Ss | XY 


hen having filled the ſpace between the box and the ſides 
of the chamber with dung, large ſtones and clay; cloſe the 
mouth of it with planks and mantlets, placed along the walls 
CD, GH, EF, KL, ſupported by the horizontal beams 
M, N, ſecured. by, ſtrong wedges, and fill all the interſtices 
with ſand- bags and dung. Continue this operation to D, F, 
where apply other planks ſupported as before by ihe hori- 
zontal beams P; fill up the interſtices with dung, &c, as far 
as Q, fo that the right lines A B Q: be each a length 
and half of the line of leaſt reſiſtance: at Q place ſome 
planks firmly ſupported by the beams R fixed in the wall S. 
The ſauciſſon ſhould be conducted in a pitched trough alo 
the branches C D, E F, ſo that that the two chambers A, 
may be ſprung at the ſame inſtant : for it is evident, if they 
be ſprung at different times, that the reſiſtance will not 
be reciprocal, nor the effects of the exploſion ſo great. 

160. One of the principal maxims in the defence of a 
place is, to hold in readineſs a body of troops to march inſtantly 
after a mine is ſprung, to take advantage of the enemy's con- 
fuſion, and endeavour to regain the covered way, or any other 
poſt that may have been loft. Theſe ſallies ſhould be ſup- 
ported by a heavy fire of cannon and muſquetry from every 
work that bears on the enemy, 

A ſecond, maxim is, never to ſpring any of the permanent 
caunter mines till every method of retarding the enemy's pro- 
greſs, or deſtraving his works above ground has been exhauſted; 
tor a mine once ſprung is henceforth unſerviceable. 

161. Keeping theſe maxims in view, let us ſuppoſe that the 
chambers; under the batteries in breach which have opened, 
be charged, and the troops ready to ſally: then the mines 
being ſprung, and their effects aſcertained, the troops advance 
rapidly to the batteries that have been overturned, throw in 
a heavy fire, and ſally from the covered way to attack the 
neareſt lodgments, the moment the enemy appears to be in 
diſorder;,', In the mean time, the miners by the means of 
mantlets placed at the entrance of the countermines, and of 
tin pipes reaching to the chambers that have been ſprung, 
endeavour as faſt as poſſible to draw out the foul air and 
introduce freſh : they then immediately begin to extend 
the intermediate branches under the glacis, in order to over- 
turn a ſecond time the batteries .in breach. If this be im- 
practicable, they muſt employ the remaining chambers to 
bury the beſieger in making the deſcent into the _— 
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When no further advantage can be derived from them, they 
make in the large gallery a chamber on both ſides of the 
deſcent into the ditch to deſtroy it. 

162. The countermines of the firſt ſtage being ſprung, 
thoſe of the ſecond remain to overturn the new erected 
batteries in breach, and deſtroy the deſcent into the ditch ; 
their chambers are charged with the proper quantity of pow- 
der for the line of leaſt reſiſtance, taking care to hill up the 
empty branches or galleries of the countermines of the firlt 
ſtage that are within reach of the ſhock ; otherwiſe the force 
of the exploſion will be ſpent againſt them, without over- 
turning the batteries: when this cannot be done, the charges 
ſhould be increaſed, | 

163. The beſieger having at length aſcertained the ſafety 
of his batteries on the glacis, and in the places of arms, 
begins to batter in breach; and having completed. his de- 
ſcent into the ditch, advances under cover of a double 
epaulment towards the foot of the breach : the beſieged 
then charge the mines under the different epaulments and 
breaches with a ſufficient quantity of powder to blow away 
the rubbiſh that has fallen down from the breach; and make 
a large excavation in the ditch, that the beſieger may be 
under the neceſſity of firing a great many more rounds ia 
order to beat down materials to make the breach again 
acceſſible. The chambers thus charged ſhould be ſet fire to, 
the moment the enemy mounts in column to the aſſault. 

When the countermines under the ditch are ſprung, 
thoſe in the attacked works ſhould be charged to overturn 
the lodgments that may be made in them; the charge 
ſhould be very large in order to throw to a great diſtance 
the materials, and render the breach again inacceſſible, which 
will lay the beſieger under the neceſſity of keeping up a 
heavy fire for ſeveral days, to reg iin the advantage he has 
loſt. The moſt favourable moment of ſetting fire to theſe 
chambers is when the enemy is giving a general aſſault; or 
when he has brought up cannon through the breach to bat- 
ter the interior intrenchments thrown up by the garriſon. 
Springing the countermines in the baſtion will be the laſt 
effort of the beſieged, unleſs the body of the place be con- 
ſtructed on a ſyſtem of demolition, and well countermined ; 
in which caſe, the conduct of the officers will be regulated 
by the preceding maxims. 


0 HAP. 


IN TIME OF WAR. 331 


C H A P. VI. 
Or ras Drrrycx or PLaces CONSTRUCTED ON A 
SysTEM or DEMOLITION. 


6, I ur defence of places conſtructed on n ſyſtem 
of demolition, and countermined, depends on the connec= 
tion of the works that are to be blown up with thoſe that 
ire to remain entire (Military Architecture, book 3d): as in 
theſe ſyſtems, a work that is in the event to be demoliſhed, 
ſhould remain entire unto a certain ſtage of the ſiege, and 
the mines a& only on particular parts, without damaging 
others z the greateſt attention is requiſite in determining their 
ſituation and ſize. The four following paragraphs contain 
the principal caſes that occur, with a few reflections on each. 

165. When from the combination of the works, the 
poſition, number, and ſize of the mines, can with 
be aſcertained from an inſpection of the plan of the place, 
without a neceſſity of performing any previous operation, 
they ſhould be made before the place is attacked, (Chap. 10, 
Part 1) and charged a few days before they are to be fprung. 

166. When the poſition and fize of all the mines are 
determined, but their conſtruction requires much time and 
labour, the officer of artillery detached to examine the place 
previous to the ſiege, ſhould ſpecify the neceſſity and extent 
of this operation: and, if the ſyſtem be ſo combined, that 
the mines cannot be made before the ſiege, without weaken- 
ing the defence of ſome other part, he ſhould point out the 
ſeveral modes of defence that to him appear moſt feaſible, 
and give his reaſons in writing; that the commander in 
chief in laying down the plan for the campaign, may know 
upon what length of defence he can ſafely reckon. 

167. It being impoſſible from the conſtruction of the 
works to determine the ſituation and ſize of the mines from 
an inſpection of the plan, the officer of artillery muſt exa- 
mine how the walls are connected together, in order to 
aſcertain what parts can be demoliſhed without injuring the 
others. For the ſake of obviating theſe difficulties, it is to 
be wiſhed that the mines were always made when' the for- 
ufications are conſtructed 3 and that the walls which m__ 
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be blown up were not built into thoſe that are to ſtand, but 
merely joined to them, or diſpoſed in the manner mentioned 

in the zd book of Military Architecture. 
168. The ſyſtem of demolition ought to be perfected 
reyious to the inveſtiture of the place: when that has not 
n done, the artillery officer ſhould ſpecify whether it may 


 Interfere materially with the other indiſpenſable operations of 


the defence: fince inſtead of being beneficial, it may on the 
contrary prove very detrimental to the beſieged, by oc. u- 
pying a ſpace of time that can ill be ſpared during the actual 
defence. 


Ein A F. vi; 


Disrostrioxs rox DrrEN CE of A PLACE 
_ 4G. IRREGULARLY BESIEGED, 

169. Tax ſubje of this chapter applies to all forti - 
cations, conſtructed on the modern ſyſtiem; to thoſe thrown 
up on the ſpurt of the occalicn, as well as to thoſe intended 
to be permanent. 

The motives that may induce an enemy to diſpenſe wi 
any of the ſteps, uſual in regular ſieges, may be inferred from 
the ninth chapter, and be reduced to the four following cales ; 

1. When in the vicinity there are any favourable 

poſts that can be uſed to advantage againit the place. 
2. When the fortifications are conſtructed upon a 
bad. ſyſtem, or are out of repair. | 
3. When the garriſon is weak, and proviſions and 
ſtores inſufficient. 
4. When the garriſon, though ſufficiently nume- 
rous, is compoſed of new levies, or of trogps whoſe 
fidelity and courage cannot be depended on. 

170. The common axiom, that if the cauſe be done away 
the Feet ceaſes, holds good in this as in every other caſe; 
for by occupying or rendering uſeleſs all poſts favourable to 
the enemy, repairing the fortifications, and filling the maga- 
zines, this kind of fiege cannot take place. Thus, with 2 


due degree of precaution, it may be wholly avoided in per- 


manent fortifications ; yet places fortified through neceſſity, 
or during a ſtate, of hoſtility, may either from defect in ſitua- 
= on, 
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bon, or want of time to improve to the utmoſt the natural 
advantages, be expoſed to it. | oy 
171. Suppoſe an officer of artillery detached to a fortreſs 
labouring under any of the afore-mentioned defects, with 
orders to make out a plan for the defence: he ſhould atten- 
tively weigh every circumſtance that can favour a precipitated 
and irregular attack, and in his demand of artillery and ſtores, 
contine himſelf to the neceſſary quantity for oppoſing the be- 
fieger when he arrives at certain given points, Any guns in the 
neighbouring towns not perfectly good, but competent to 
the expenditure of the propoſed quantity of ammunition ; 
or any guns of intermediate calibre ſhould be ſent to theſe 
places, ſince after the ſurrender they will be of no ſervice to 
the enemy. : 
172. Again, ſuppoſe a place inveſted by the enemy under 
circumſtances favourable to a precipitate attack, there are 
two caſes to he conſidered : the one, with reſpect to places 
imperfectly fortified and provided only with ſtores, &c. for 
ſtanding this kind of fiege (171): the ſecond, "x reſpect 
to regular fortreſſes well ſituated, and abundantly ſupplied 
with ſtores of all kinds, but of which the garriſon either 
from ſmallneſs of number, or want of experience or zeal 
(169, No. 3, 4), is incompetent to a regular defence; 
173. In the firſt caſe, the artillery officer guided by the 
particular motives that influenced the commander in chief 
to adopt this plan, ſhould exert every poſſible means to pro- 
tract the ſiege ; not keeping up too heavy a fire at the be- 
ginning, leſt the ammunition be too ſoon expended : nor 
on the contrary, permitting the beſieger through temiſſneſs 
in firing, to lodge himſelf on the works; which wilt greatly 
accelerate” the capture of the place, eſpecially when they are 
badly conſtructed or out of repair, Ps on bn” 
he only method of determining the preciſe line of con- 
duct to be obſerved in this caſe, is to weigh on the ſpot the 
actual ſtate of the place, with all its advantages and difad- 
vantages ; and from a general view of the whole, to lay 
_ the plan of defence moſt likely to protract the ſur- 
render. ; 
174. In the ſecond caſe (172), the greateſt efforts ſhould 
be reſerved, according to the ſtrength of the garriſon, for 
the body of the place, the ravelin or other out-work, ſo that 
from the time the beſieger effects a lodgement on the glacis 
till the place capitulates, the defence will be almoſt regular : 
| when 
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when there is a ſuperabundance of powder, fireworks, and 
combuſtibles, large boxes full of powder may be buried at 
the foot of the breach, the mines on the front of the attack 
overcharged, large fires lighted on the breaches, and ſup- 
plied with fuel till the whole be expended. 

One of the moſt eſſential points towards prolonging the 
defence in this caſe, is not to expoſe the garriſon to unne- 
ceſſarily hard duty. Every avenue by which the enemy can 
get acceſs to the place through the ditch, as canals, aque- 

ucts, &c. ought to be effectually blocked up, and every 
precaution taken to guard againſt ſurprize : no more men 
ſhould mount guard during the night than are abſolytely 
neceſſary ; and even this number ſhould be diminiſhed during 
the day: the garriſon ought to be well fed, and for the ſake 
ef exciting emulation, any ſoldiers diſtinguiſhed for activity 
or intrepidity, ſhould be handſomely rewarded. - But if the 
troops, though ſufficiently numerous, be from want of ex- 
perience or ſuſpicion of their fidelity, unfit to be intruſted 
with the defence of the covered way; the governor and the 
principal officers ſhould endeavour to inſtruct them in the 
moſt ſimple and material parts of their duty, and ſet them 
examples of indefatigable zeal and exertion : they ought to 
be particularly careful to prevent their being ſeized wita a 
panic, check all irregularity, and be on their guard againſt 
mutinies, which frequently happen in regiments compoſed 
principally of deſerters. 

175. The four cafes in which à fortreſs is blockaded, 
have been already mentioned, To render the blockade of 
no effect in the firſt caſe (gt, No. 1), the magazines and 
| barracks are made bomb-proof, and proper precautions taken 
to prevent and extinguiſh fire: in large cities expoled on every 
fide to bombardment, wliere the houſes cannot be ſecured 
from ſhells and red-hot ſhot, the governor to cover the 
inhabitants as much as poſſible, ſhould endeavour by the moſt 
prompt and vigorous meaſures to keep the enemy at a diſ- 
tance; by making powerful allies, throwing up lines of 
counter-approach, and ſeizing and fortifying with artillery 
every ſtrong polt in the vicinity of the city. ; 

176. When a blockaded city has not the moſt diſtant 
pro of ſuccour, the garriſon ſhould keep up a very heavy 
fire from their artillery, and 82 make large ſallies, 
that they may compel the enemy to raiſe the ſiege: by theſe 
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means they will at leaſt, expend their ammunition, and not 
leave a complete arſenal to the conqueror, - 

In the third caſe, the nature of the defence muſt be de- 
termined on the ſpot from the manner in which the enemy 
carries on and directs his attacks; the greateſt efforts of 
the garriſoa ſhould be oppoſed to the works and batteries 
that incommode the place moſt, without waſting ammuni- 
tion agaiaſt the others. 4 

Finally, in the fourth caſe every advantage for which the 
enemy gives the leaſt opening, ſhould be ſeized ; taking care 
at the ſame time to be ſparing of the ammunition, that there 
may be ſutficient for maintaining a regular defence, when 


the beſieger has brought up the neceſſary artillery for puſh- 
ing his attacks with vigour. ; 


CHAP. VIII. 


Or CounTER-APPROACHES, 


177. CounTER-approactes are thoſe works which 
the garriſon throw; up either previous to or during 2 
at different diſtances from the place, to enfilade and take in 
reverſe the trenches and firſt batteries of the beſieger: hence, 
by a judicious diſpoſition, he may be ſometimes compelled 
to convert into a blockade, a ſiege begun with regular ap- 
proaches,-and in the moſt vigorous manner. It ſhould there- 
fore be eſtabliſhed as a maxim, to make cornter-approaches 
whenever it can be done to advantage. I hey either 
form a part of a predigeſted plan, or may be adopted on the 
occaſion-from ſome ſudden and unexpected circumſtance that 
ariſes during the ſiege. | 

That the nature of counter-approaches may be perfect 
underſtood, here follow ſome of the principal caſes in which 
they can occur. | 

178, When a fortreſs with a numerous garriſon is only 
attackable on one or two fronts, and the ground before them 
is commanded from ſome points within reach of the gar- 
riſon, and ſecured from attack, being partly ſurrou 
a navigable river, ravine, precipice, or moraſs; or before 
hich the enemy will be under a neceſſity of opening trenches 
before he can advance towards the place itſelf, a 9 
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attack is then projected. The works to be erected in this 


caſe previous to a ſiege are forts and redoubts, far enough 
advanced in front of the place to enable. them to enfilade 
and take in reverſe the parallels and firſt batteries of the 


beſieger: if expoſed to attack, their ramparts are made of 


the” tame thickneis as permanent fortifications with good 
profiles ; and covered communications with redoubts at pro- 
per diſtances thrown up between them and the fortreſs, to 
cover them from any attempts of the enemy. They are 
planted with heavy cannon and mortars, with a proportion 
of ſtores adequate to their ſtrength and importance, 

Sometimes from the nature of the ground, a part of the 
fortreſs itſelf will ſerve as a counter-approach : in this caſe, 
the officer of artillery ſhould inſert in his plan of defence 
the neceſſary number of guns, mortars, and ſtores, for car- 
rying on the counter-approach with vigour, independent of the 
proportion for the actual defence of the place. 

179. When in the vicinity of a place ſituated on a navi- 
gable river, or on the ſea - coaſt, into which ſuccours can be 
occaſionally introduced ; there be any points that command 
the ground where the beſieger muſt open his trenches, they 
ſhould be ſtrongly fortified, and amply ſupplied with artillery 


and ſtores; ſince the navigation being gpen, freſh ſupplies 


can be at any time thrown in, 

180. A fortreſs is ſometimes protected by an intrenched 
camp, that ſerves to keep the communication open with 
the country whence it draws its ſupplies ; ſtrong works ſhould 
be thrown up to ſecure any commanding points in the vici- 
nity : the neceſſary quantity of artillery and ſtores for this 
counter-approach may be aſcertained with ſufficient accuracy, 
by knowing the extent and nature of the ground where the 
beſieger muſt open trenches, and ere& his batteries; and 
any additional ſupply may be afterwards introduced under 
favour of the intrenched camp. 

181. It often happens that an enemy in laying down 
before a fortreſs opens his attack againſt the ſtrongeſt front: 
in this caſe, if the garriſon be numerous, and the ſituation 
favourable; that is to fay, if the ground, on which the works 
of a counter-approach can be conſtructed, be inattackable, or 
covered by the fire of the place, they ſhould be inſtantly 
executed, and planted with the artillery deſigned for the 
barbette-batteries, and the other parts at a diſtance from the 
front of the attack. As the introduction of ſuccours is nat 
* 8 85 ſuppoſed 
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ſuppoſed practicable, the fire ſhould be directed againſt the 
batteries that moſt annoy the garriſon; according to the inva- 
fable maxim of protracting the ſurrende as long as poſſible, 
by employing every thing in the moſt advantageous manner. 

182. An army or a conſiderable corps of troops having 
been worſted in action, has frequently taken refuge in a 
large fortified town, where was a depot of heavy artillery ; 
nd to which the victorious army has lain fiege. When 
this happens, every ſtrong poſt in the vicinity that may ſerye 
to keep the enemy at a diſtance from the place, and reduce 
him to the neceſſity of a blockade, ſhould be occupied by ſtrong 
detxchments, and fortified : when the adjacent country is ſo 
favourable to the conqueror, that he can inſtantly break 
ground and carry on his approaches in form, the in 
the town ſhould endeavour to form counter-approaches 3 
this being the moſt effectual method of rendering the enemy's 
enterprizes abortive ; or at leaſt of embarraſling his opera · 
tions, and lengthening the defence. | 2 

Counter - approaches cannot he made in low flat fituations, 
except under cover of an impaſſable moraſs or river; in this 
caſe, a trench 25 feet wide ſhould be made to connect the 
place and the morals or the bank of the river, and the front 
covered by the body of the place or ſome adyanced Work: 
in the rear of the trench may be erected the batteries for 
enfilading and taking in reverſe the enemy's approaches; and 
ſome advanced redoubts may, if neceſſary, be thrown up at 
proper diſtances to ſecure the communications, The works 
of the counter-approach ſhould be ſo combined with each other 
and the works of the fortreſs, that the enemy in advancing 
to attack them, may be taken in front and flank, whateyer be 
the diſpoſition or order of the attack. „ 

It is the province of the engineers to project the counter - 
ipproaches; the duty of the artillery officer being only 
to furniſh them with proper ſtores and defend them: it is 
unneceſſary therefore to enter farther into the principles of 
their conſtruRion, 
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133. ＋ H E two former parts of this work were confined 
to the ſervice of artillery in the attack and defence places; 
but the preſent object being the ſervice of artillery in held, 
and nothing having hitherto been advanced on this part of 
the art of war, it is neceſſary to give a general idea of tac- 
tics ; in order to explain the principles on which the ſeveral 
ſpecies of troops operate, and the various combinations that 
may be made according to the particular exigeney. 

184. The ſyſtem of a campaign between two armies is 
called offenſive, when one of them ſeeks an opportunity of 
forcing the other to action; or of obliging him to retire and 
abandon the country he is maſter of : if both armies ſtudi- 
ouſly avoid an engagement, yet ſecretly watch for an op- 
portunity of attacking the adverſary to advantage, this is 
zalled @ war between equal forces : and, an army is faid P be 
on the defenſive, when from inferiority of numbers, or ſome 
other cauſe, the general ſhelters himſelf in ſtrong poſts, co- 
vers himſelf with lines and fortifications, or retires till he 
gains a camp almoſt impregnable; under favour of which 
he keeps the enemy at bay, or at leaſt, checks for a time the 
rapidity of his conqueſts. | 

185. Whatever be the ſyſtem of the war, it always be- 
hoves the general to take ſuch ſteps previous to the opening 
of the campaign, as may inſure, as far as depends on human 
foreſight, a ſucceſsful iſſue. | 

The firſt point is to have the army properly compſed : 
to this end, it is requiſite to have a clear and accurate idea 
of the peculiar properties and ſervice of each of the three 
ſpecies of troops, that conflitute the military force of mo- 
dern days; viz. infantry, cavalry, and artillery. In the 
next place, the nature of the country that is to be the * 
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of war, and the propoſed ſyſtem of operations ſhould be con- 
fidered : ſince the army ought according fo the nature of 
the country to be compoſed either of infantry ſolely ; or 
of infantry and artillery ; or of infantry, cavalry, and artillery. 
The proportion of each ſpecies of troops varies alſo, aceord- 
ingly as the country is level or mountainous ; interſected 
by rivers, ravines, and moraſſes ; or covered with woods: 
the number and quality of the enemy's troops is likewiſe 
another point eſſential to be aſcertained, 


CHAP. I. 


Or THE SEVERAL SPECIES OF TROOPS THAT 
COMPOSE AN ARMY, 


186. Univ ERS AL experience proves that the ſuc- 
ceſs of an army depends on its compoſition, and the man- 
ner in which its marches and diſpoſitions in the day of 
ation are regulated. | 

There afe certain judicious combinations founded,.in the 
opinion of the beſt military writers, on the different ſervices 
of the ſeveral ſpecies of troops, and on the manner in which 
each can act; relatively to the nature of the country and 
the method in which the ſoldier is armed. | 

187. The muſquet with the bayonet is an arm which 
the foot-ſoldier carries with eaſe: with it he can march 
through narrow paths, and over mountainous and difficult 
roads; and a bridge of flight conſtruction ſerves for his 
paſſage over rivers, canals, or broad ditches. 

In common marches that continue about 6 hours, a ſoldier 
walks with a free and natural ſtep 2 4 miles in an hour; 
a regiment therefore when the roads are tolerably good, 
marches 14 miles in 6 hours. Within reach of the enemy, 
the pace is regular, but quicker or flower, according to cir- 
cumſtances : in the flow movement, calculating each ſtep 
u 24 inches, and 60 ſteps in a minute, a regiment of in- 
fantry paſſes over 40 yards in a minute: and when it moves 
with an accelerated pace, it paſſes over twice this ſpace or 
$ yards in a minute, 

188. From the conſtitution of infantry, the ſmall ſpace 
that each ſoldier takes up, and the arm he carries, this ſpe- 
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cies of troops is well adapted to offenſive or defenſve 


rations in all kinds of countries: ſince they can 2 in e 
or column; halting or marching ; firino „* | 
diſtance from, or charging with bayor.c: when 

enemy, . 

The intention of fire-arms beine to annoy then 

a diſtance, the foot - ſoldier ſhould above all things be tau; 


to load his muſquet properly ; and level 2nd direct it we 
againſt the object: platoun firing by ward of c 
from the officers is never ſo deſtructive as When e2c!: lc 
takes his object ſeparately : this is called palliſadoe i 
when the muſquet reſts upon any thing. ; 

Infantry having occaſion for very few carriages, are caſily 
ſubſiſted in countries where forage is ſcarce. 

189. Cavalry are highly uſeful in marches and engage- 
ments, when the country is ſufficiently level and open, to 
give them room to perform their ſeveral evolutions. The 
rate of marching of a regiment of cavalry for 6 hours is calcu- 
lated at 17 miles; but in caſe of neceſſity, it may be extended 
to 21 or even 28 miles. Wherefore from the celerity of 
their movements, they are excellent for making incurſions 
into an enemy's country ; ſupporting a diſtant poſt, or corps 
of troops; cutting off detachments, convoys, or foraging 
parties that imagine themſelves in ſecurity ; and purſuing 
an enemy when routed and retiring in diſorder. The fabre, 
carabine, and piſtol, are the arms carried by the cavalry, In 
action their great advantage conſiſts in the celerity of their 
movemeats, and the impetuoſity of their charge, ſword in 
hand. The velocity of the latter is eſtimated at four times 
the velocity of infantry, or from 3 to 400 yards in a minute; 
but this exertion can laſt but a very few minutes, When 
an army is drawn up in order of batile, the cavalry is poſted 
on the flanks to cover the infantry, and be ready to charge 
the flank of the enemy's army. : 

The fire of cavalry, from its great uncertainty, and the 
difficulty of re-loading on horſeback, is but little conſidered 
in action; it is ſerviceable on guard, in protecting their 
quarters, ſkirmiſhing, and increaſing the diſorder and con- 
fuſion among the enemy's cavalry, when broken by a charge. 
The country, in which a large body of cavalry is to be ſub- 
ſiſted for a long time, muſt abound in forage. 

190. Dragoons are a —_ of troops that act occaſionally 


as intantry or cavalry open and level countries they 
| perform 
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the duty of cavalry, and in ftrong and incloſed 
countries, diſmount and a& as infantry : wherefore inſtead 
of a carabine, the dragoon is furniſhed with a muſquet. 

191. On conſidering the peculiar properties of infantry 
and cavalry, it is evident that whenever theſe two ſpecies 
of troops engage each other, the ſafeſt method for the in- 
fantry is to act on the defenſive, endeavouring to prevent 
the cavalry from ſurrounding them and charging their rear : 
they ſhould therefore take poſſeſſion of ſome ſituation that 
15 naturally rong, or may be eaſily made ſo. But if no- 
mine like a breatt-work can be found, they ſhould form in 
the beſt manner for ker ping the enemy at a-diſtance by a briſk 
fre, in order to enable them to execute the manceuvres beſt 
calculated f-r ſecuring their retreat. In ſhort, the diſpoſitions 
of infantry conſiſt in their order of march, and in regulations 
for keeping up a heavy fire in time of action. 

Cavalry will have a great advantage over infantry when 
the latter are poſted on a plain, and expoſed to be charged 
the inſtant they have given their fire, or begin to be in move- 
ment; or when they are drawn up in ſuch a manner, that 
they cannot well ſuſtain the ſhock of a charge, as three deep. 

192. Under the name of field-artillery are comprehended 
the royal regiment of artillery, the guns with their ammu- 
nition, horſes for drawing them, and drivers for taking care 
of the horſes. Hence, from the number of carriages, artil- 
lery cannot ſubſiſt long in a country where forage is ſcarce, 
The roads for artillery ought to be wide and good, and the 
bridges ſtronger than either for infantry or cavalry ; then, 
the common rate of marching artillery is from 14 to 17 
miles a day, and with the ſame expedition as infantry, | 

When guns are poſted in the front line of an army that 
is advancing to the attack, the ground ſhould be level and 
open, that they may preſerve the poſts aſſigned to them in 
the intervals of the troops : .in incloſed countries, they ſhould 
be preceded by a number of pioneers and carpenters for 
filling up ditches, making bridges, cutting down hedges, 
and opening roads : yet ſometimes in ſpite of every exertion, 
they cannot reach their deſtination, and are frequently much 
embarraſſed to keep their proper ſtations. Hence it reſults, 
ihat artillery cannot always take the ſame route as infangry, 
wor accompany them on every expedition. | 


When the army halts with an intention of giving battle, 
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or remains in a fixed poſt, the guns are drawn up at the 
diſtance of 8 or 10 paces from each other. 

193. To leſſen the difficulties that ariſe from the badneſs 
of the roads or the unevenneſs of the country in offenſive 
operations, the guns ſhould be made lighter ; but not in 
ſuch a degree, as render their effects uncertain, Ihe 8 and 
4 prs. deſcribed in the preceding treatiſe charged with f of 
the weight of the ſhot are more manageable than thoſe of the 
common length ; and are ſufficiently reinforced to reſiſt the 
exploſion, and project the ſhot with the requiſite force for kil- 
ling men and horſes. In a word, pieces of this kind will 
be fully adequate to every purpoſe of firing round or caſe- 
ſhot ; if regard be paid to the diſtance and diſpoſitions of the 
enemy. 90 

194. A round ſhot, fired againſt a body of troops drawn 
up in order for battle, can deſtroy but one file of three or 
four men, whatever be its diameter or velocity, But, if 
fired ſo as to eafilade the ſame body of men, or againſt a 
column, it will do execution till its force be entirely ſpent : 
1s effects are then in proportion to its diameter and velocity. 
For it was proved in the Treatiſe on Projectiles, that the 
eflects of ſhot are in a ratio compounded of their diameter 
and the ſquare of the velocity with-which they impinge: and 
in the preceding treatiſe, it was demonſtrated that the initial 
velocities of 8 and 4 Ib. ſhot being equal, their effects when 
fired againſt a body of men near to them, are in the ratio 
of their diameters, or as 5: 43 but in long ranges, the reſiſt- 
tance of the air being g eater to ſhot of ſmall than to thoſe 
of larger diameier ( Treatiie on Powder); the remaining 
velocity of a 4 pr. will te lefs than that of an 8 pr. and its 
effects as 1:4. Fach man may be ſtruck in front or flank, 
in the moſt ſolid or leaſt reſiſting parts of the body; it is 
im-othible therefore to aſcertain the exact number of men, 
that one ſhot will Kilt or maim: the only point that can be 
aſ-ertained 1s, that a 4 Ib. ſhot diſcharged from a light 4 pr. 
with 1: lb. of powder and well wadded, ſtriking a column 
of infantry in the leaſt advantageous circumſtances cannot 
deliroy more than 30 men; but under the moſt advanta- 
ge-us eircumſtances may kill or wound more than 60. _ 

195. In action, caſe- hot is fired from 8 and 4 prs. when 
the enemy is at a diſtauce of about 170 yards, and drawn 
up with fac an extended front that it will do more execu- 


don 114. round ſhot. The number of men diſabled by = 
caſe- 
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taſe · hot compoſed of 60 ſmall balls projected from a 4 pr. 


within proper diſtance againſt an extended front, will far ex- 
ceed what will be killed or wounded by a round ſhot of the 
ſame diameter. | 

196. Quick firing is of very eſſential ſervice, either when 
the enemy's diſpoſition can be enfiladed by round ſhot or 
expoſed in front to caſe-iho? : for the ſake of expedition in 
loading, the powder is incloſed in flannel cartridges; which 
prevents the accidents that might otherwiſe happen, as the 
flannel leaves nothing burning in the gun, | 

In general, at the beginning of an engagement the enemy's 
army is at a great diſtance, and preſents but a ſmall front; 
in this ſituation, from the great care requiſite in loading and 
laying the guns, ſome minutes elapſe between every two 
rounds. If the enemy's front be very extended or he is 
advancing, the guns necd not be laid with ſo much accu- 
racy, and the wads may be diſpenſed with ; which will tend 
to accelerate the firing. At length when the armics are ve 
rear each other, it is no longer neceſſary to lay the gun ea 
tine, the caſe-ſhot is fixed to flannel cartridges, the uſual 
method of ramming the charge is diſcontinued, and the 
guns are primed with tin tubes: the artillery in this caſe fire 
fatter than the infantry can do, and the gun is loaded in 
three motions. 

1. The caſe-ſhot fixed to a flannel cartridge is put inta 
the gun. | 

2. It is puſhed to the bottom of the cylinder with one, 
ſtroke of the rammer. 

3. The rammer is drawn out, and at the fame inſtant 
the tin tube is introduced inta the vent. The gun, when 
heated, may be cooled with a wet ſpunge. 

197. Ditferent ſyſtems of artillery have been from time to 
time deviſed with a view of firing quicker in action: from 
an impartial compariſon of theſe ſeveral ſyſtems with the 4 
and 8 prs. in queſtion, it might be aſcertained how far the 
adoption of any of them would be really advantageous, 

198, The diſtances at which artillery and infantry may 
engage, may be reduced to three; and the advantage of each 
am is relative to the diſtance. 

1. The diſtance may exceed the range of a muſ- 
quet; or 

2. It may be from 200 to 260 yards. 

3+ It may be leſs than 170 yards, 

* In 


— 
- 


' 


T 
nw 
4 
4 
4 
* 
* 
1 
o | 
1 
1 
1 
q 
1 
. 


— 


2 22 —— — 
r 
— — - = 


* 
3." IS 
4-4.” # 
_ "=>. 


344 SERVICE OF ARTILLERY 


In the firſt caſe, it is clear that the whole advantage lies 
on the fide of the artillery ; more eſpecially when the enemy 
can be taken in flank. 

199. But in the ſecond caſe, the ſuperiority reſts with the 
infantry when drawn up three or four deep; ſince each gun 
is expoſed to the fire of ten files, or 30 or 40 muſquets, which 
may make great havock among the artillery men; while the 
utmoſt execution that a gun can do, is to carry off one file 
at each diſcharge : the fire of the infantry may be al.o better 
directed, and quicker than that of the artillery from the ne- 
ceſſity of laying the gun every time to enſure execution : 
moreover, the infantry always continue firing in proportion 
to the number of men that remain, whatever loſs they may 
have ſuſtained ; whereas the fire of artillery decreaſes in a 
much greater ratio: thus, if half of the gunners be diſabled, 
the fire dimiſhes in a quadruple or even greater proportion. 
Hence if a body of infantry be drawn up 4 deep at 200 or 
240 yards from a field-battery, or be poſted behind fences 
or walls, whence they can keep up the palliſadoe firing, the 
artillery will be more galled and ſooner diſabled than by op- 
poſing gun to gun. The idea which the greater part of military 
men have without due reflection adopted, of the vaſt ſuperiority 
of artillery has not a little contributed to increaſe its effects; 
even veteran troops have under the influence of this terror been 
incapable of improving the advantages they had obtained; 
and new levies have been known ſhamefully to turn their 
backs at the very report of the guns and whiſtling of the ſhot : 
for when ſhot are not perfectly ſpherical or are full of cavities 
they make a hiſſing noiſe in the air, that ſtrikes a panic into 
raw or unſteady troops ; and the horſes and drivers can with 
great difficulty be prevented from running away. 

200. In the third caſe (198) the artillery has evidently 
the advantage; for they can fire faſter than the infantry, and 
each gun projects at every diſcharge a greater number of balls 
than the ten files oppoſed to is (196). 

When the infantry unable to bear any longer the galling 
of the caſe-ſhot, ceaſe firing, and advance to the charge ; 
the artillery ſhould protit of their error and fire as faſt 
as poſſible, putting over the caſe two or three round ſhot if 
the enemy be drawn up, very deep. In doing this there is no 
reaſon to be afraid of burſting the guns conſtructed on. the 
principles laid down in the preceding treatiſe, To 
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To give an idea of the advantage that the artillery has in 
this caſe; let us ſuppoſe the enemy to advance in quick time 
or at the rate of 80 yds. in a minute; the guns will eaſily 
(196) make three diſcharges in a minute without being an- 
noyed by the enemy, whoſe firing has ceaſed; ſo that while 
the infantry is marching the diſtance of 170 yds. to attack 


the cannon, they will be expoſed to fix rounds of caſe-ſhot 


from each gun, which will be more deſtructive the nearer 
C . 
* when oppoſed to cavalry, and covered in 
front by a broad and deep ditch, and ſecured in the rear by 
chevaux-de-frize, &c. has greatly the advantage; but when 
from the nature of the ground they are entirely expoſed, the 
flanks and rear ſhould be covered by detachments of infantry 
or in ſome other manner. Each gun ſhould be fired twice in 
half a minute, being the time that cavalry takes to gallop 
at full ſpeed over a ſpace of 170 yards, which is the greateſt 
velocity that cavalry can charge with. | 

Guns of the largeſt calibre ſhould be oppoſed to cavalry, as 
they project a greater number of ſmall balls, and with round 

do more execution in enfilading (194). 
202. Theſe ſeveral ſpecies of troops compoſe: the bulk of 
armies; and from their ſolidity and mutual ſupport when 
properly combined together, are deſtined for all great military 
operations. 

There are other troops, which differ much from the 
former in their ſervice and method of fighting : they are 
diſtinguiſhed into light-infantry and light-cavalry, and are de- 
igned to act by detachment ; for ſecuring the tranquility of 
the camp; covering convoys; beating up the enemy's quar- 
ters; and harraſſing them on marches. On them devolve 
all the more minute duties; but as they are never accom- 
panied by artillery, it is needleſs to examine their conſtitu- 
tion more particularly. The neceſſity of being acquainted 
with the method in whichythe ſeveral ſpecies of troops that 
compoſe armies can act, and be combined together on marches 
and in action, according to the nature of the ground and the 
diſpoſition of the enemy, will from the peruſal of this chapter 
he obvious to every officer, | 
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SH AP. . 


"Reypr.ecTions ON THE Courosiriox OF AN Army, 


- 203- I: O compoſe an army judiciouſly, the nature of 
the country, the quality of the troops, the number of the 
enemy's forces, and the plan of the campaign muſt be previ- 
ouſly conſidered. A general, maſter of theſe points, may make 
the moſt advantageous and maſterly arrangements: whereas, 
an army formed without attention to this general maxim, will 
labour under manifold diſadvantages ; and probably in the 
event reap nothing but diſgrace and defeat, ar, at moſt, but 
tial ſucceſs. 

204. The firſt requiſite in the formation of an army is, 
that it be quick and rapid in its movements, and ſubſi/led 
without difficulty: wherefore it ſhould be limited in number, 
reflrifted in quantity of baggage, and free from every unne- 
ceſſary incumbrance. The movements af very large armies 
are ſo flow and their marches fo ſhort, that their number by 
no means compenſates tor the heavy additional expence : 
belide, from the difficulty of providing ſuch numerous bo- 
dies of traops with forage and praviſions, a general is fre- 
quently obliged to abandon entire provinces, and to move into 
an open country within reach of ſome navigable river, by 
which the means of ſubſiſtance may be facilitated. When 
the theatre of the war is in a very ſtrong country, a ſkilful 

eneral will turn this circumſtance to advantage, and regu- 

te the number of his troops accordingly. We find in 
hiſtory numberleſs examples of celebrated captains, who with 
fmall armies have by a judicious choice of poſts and encamp- 
ments, made bold againſt an enemy greatly ſuperior in 
number; and in the event, by a ſeries of rapid and maſterly 
manoeuvres reduced him to the greateſt ſtraits. 

By canſtant habits of ſurveying ground in a military point 
of view, and ſuppoſing the various caſes that may occur on 
ſervice, officers may acquire a quickneſs in diſcerning the 
advantages and diſadvantages of poſts ; which has ever been 
eſteemed among the firſt qualities of an able general. 

205. After determining the number of troops of which 
the army is to conſiſt, the next point is to aſcertain the pro- 

partign 
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portion of each ſpecies of troops; taking care to diſtinguiſh 
thoſe deſtined for the grand operations of war, from thoſe 
that are to carry on the petite guerre : for if the light troops 
be too few in number, the ſtrength of the army inſtead of 
being preſerved entirely for great occaſions, will be exhauſted 
by the daily fatigues they muſt undergo: on the contrary, 
too numerous a corps of light troops militates againſt the 
maxim laid down in the laſt paragraph. | 

206. When the theatre of war lies in a very moun- 
tainous country, the army ſhould conſiſt ſolely of infantry; 
to whom may be attached ſome 4 prs. to be placed in 
fortified poſts, when ſuch points of ſupport are neceſſary 
in a defenſive ſyſtem. But no artillery ſhould accompany an 
army that is to act offenſively in a mountainous country, 
unleſs it be to occupy an intrenched poſt in order to cover 
the operations of the troops; to attack a ſtrong intrench- 
ment to which it is practic able to bring up cannon ; or take 
advantage of ſome commanding eminences to diflodge the 
enemy. 

— In flat countries interſected by rivers, canals, ditches, 
hedges, defiles, &c. the army ſhould be compoſed of in- 


fantry, dragoons and artillery; the train of artillery conſiſting 


of a few 4 prs. 

In open champaign countries, the train of artillery may be 
more numerous and conſiſt of pieces of larger calibre : the 
principal ſtrength of this army ſhould he in its cavalry ; ſince 
by their means the general will be maſter of the country and 
oblige the enemy to keep cloſe to his camp, or cover his 
convoys and foragers with large detachments ; which will 
greatly harraſs and weaken his .rmy. 

208. "The proportion between the infantry and cavalry 
depends alſo on the nature of the country. In flat exten- 
five countries, the cavalry including the light-cavalry may be 
eſtimated at 4 of the whole army ; this number diminiſhes 
ſucceſſively to 2, x, ve in proportion as the country becomes 
ſtronger ; till at length cavalry is totally excluded and their 
place ſupplied by dragoons; who may amount to or > 
of the army, when the country though level is very ſtrong 

207). 
— The number and quality of the troops being thus 


determined, they are formed into what is called an order of 


battle, The fuſt line conſiſts of at leaſt half of the = 
ions 
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Fons and ſquadrons : the remainder are diſpoſed in the ſecond 
line; and there is frequently a corps de reſerve or third line, 
but leſs numerous than either of the others. Each line is 
ſubdivided into brigades ; the brigades of infantry conſiſting of 
5 or 6 battalions, and thoſe of cavalry of 8 or 12 ſquadrons : 
each brigade is commanded by a mayor general and a briga- 
dier; and every two or three brigades are under the orders 
of a lieutenant general. The light troops form a ſeparate 
corps under the command of a general or field officer, whoſe 
rank is in proportion to the ſtrength of the corps. The 
chief command of the army is given to a captain general ; 
who has under him a general of cavalry, when that body is 
numerous. 


CHAP. III. 


Or THE Field TRAIN or ARTILLERY. 


210. T H E number and calibre of guns for compoſing 
a train of artillery to accompany an army in the field, is 
determined by the nature of the country, the ſyſtem of opera · 
tions, and the number of the troops ; in order that the artillery 
may augment the reſources and ſupport the diſpoſitions of 
the commander in chief, without cauſing the leaſt delay or 
embarraſſment. 

211. When the ſcene of operations lies in an open cham- 
paign country, the train of artillery is the largeſt (206) : it 
has for a ſeries of years been cuſtomary to reckon one gun 
far every thouſand men; theſe pieces are worked by the royal 
rogimeht of artillery. 

But during the war that commenced in Germany in 
1740, field- pieces were attached to each regiment of — 
they were ſerved by them and comprized in the ſtores of t 
regiment. As ſeveral other nations have adopted this maxim, 
it will be for our intereſt ta add to the ſtrength af our in- 
fantry by purſuing the ſame plan, if ever we have occaſion 
to act againſt any of them in a champaign country; not- 
withſtanding the expence and trouble that {uch a quantity of 
artillery myſt occafion. TRY 

In flat but very ſtrong countries, where the object is not 
to bring on a general action, but by marching and * 

, viel 
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vreing to occupy advantageous poſts ; the principal point to 
be conſidered is celerity of movement (204): wherefore, 
the army ſhould be difincumbered of the battalion guns, 
the train of artillery diminiſhed, and the nature of the guns 
adapted to the uſe for which they are principally deſigned, 
and to the condition of the roads and bridges ; that they 
may never retard the march of the troops: in hilly countries, 
their number ſhould be farther dimiſhed. 

In mountainous countries, the uſe of artillery ſhould be 
entirely ſuppreſſed, unleſs ſome poſt of importance is to be 
occupied. From a deſire of carrying cannon with, troops 
that are to act among mountains, ſmall guns weighing from 
1 to 2 cwt. have been invented, and are tranſported on the 
backs of mules ; but the advantages reaped from them are 
inadequate to the expence and trouble attending them. 

212. For the ſake of laying down ſame rule for formi 
field trains; let us ſuppoſe an army of forty battalions — 
as many ſquadrons, making in the whole 30,000 men, 
acting in a flat open country, with an intention of ſeizing 
every. favourable —_— of coming to action. In this 
caſe, beſide the 4 pr. battalion guns ſerved by the infantry, 
there ought to be twenty-five 8 prs. weighing from g to 10 
ewt. each; four 16 prs. weighing from 17 to 18 cwt. ; and 
four howitzers ; with a proportion of ammunition, from go 
to 120 rounds a gun (one third of which ſhould be caſe- 
ſhot); carried in tumbrils ; with a certain number of waggons 
for the muſquet cartridges and flints; to this muſt be added 
a proportion of intrenching, black- ſmiths and carpenters 
tools, That the ſervice may be carried on with regularity and 
diſpatch, draught horſes ſhould be purchaſed, drivers inliſted 
(1) and formed into a corps under officers and non-commiſ. 
fioned officers : the number of horſes is regulated by the 
quantity of ammunition, &. never allowing more than 
5+ ewt. to each pair of horſes beſide the weight of the car- 
riage ; that they may not be worn out before the end of the 
champaign. The guns are diſtributed into brigades of 5 or 
6 pieces each, to be employed together or ſeparately, as oc- 
caſion may require, with a detachment of artillery-men to 
ſerve them. 

Let the twenty-five 8 prs. be divided into five brigades ; 
the howitzers and 16prs. will form the ſixth or park bri- 
gade; which is reſerved for cannonading works that cover 
brigades, and ſtrong poſts of all kinds ; and for firing againſt 

cavalry, 
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cavalry, or oppaſing very powerful attacks of infantry : the 
particular deſtination depends on the ground and diſpoſitions 
of the enemy. 

213. The following is a return of horſes, &c. for one 
brigade of 8 prs. | 
Horſes, 
Five 8 prs. mounted on travelling carriages, with 

limbers, ſide- arms, coins, and hand-ſpikes, with“ 20 

4 hories to each  conrooocee 
Two ſpare carriages, with limbers, carrying 4 mo 


wheels, 4 ſpare axle-trees, 4 ſets of fide-arms .... 4 
Seven tumbrils carrying 500 rounds for the ber 10 
One light waggon with intrenching tools, &c. for 

repairing roads and bridges . . . . { 4 
One travelling forge complete.... . e 2 
One waggon carrying 44 ct. of iron-work for gun 

carriages, 2 cwt. of ſpare rope, 1 cwt. of = 4 

carpenters tools, lanterns 2nd 1 cwt. of candles 


Six powder waggons carrying 60009 muſquet car- 
tridges, 30000 flints for muſquets, 2000 flints 
for piſtols, 34 ct. of powder, 5 cwt. of muſ- p 24 
quet and piſtol ball, and 10 reams of cartridge 
Two waggons carrying oats for the horſes with ſpare 8 
c 
Horſes for one officer, two non- commiſſioned offi. 
cers and a farrier — 4 


Number of horſes for one brigade - 84 


Beſide the above, two country carts drawn by two pairs of 
oxen for carrying more intrenching tools, and the officers 
baggage belonging to the brigade. 


When the brigade conſiſts of 4 prs. two horſes are allotted 
for each gun, and four tumbrils for the ammunition ; the 
reſt as above. Should the army move to a diſtance from the 
arſenals or fortified towns, a large depot of ammunition both 
for infantry and artillery ought to be brought forward and 
lodged in ſome caftle or walled town under the care of a de- 
tachment of infantry, | 

214. The 
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214. The detachment of artillery for the ſervice of each 
brigade conſiſts of a captain and two or three ſubalterns; fix 
or eight non-commiſſioned officers ; ten or twelve artificefs 3 
with eight or ten gunners to each gun, according to its ca= 
libre, and a conductor of ſtores for taking care of the ammu- 
nition, &. All the brigades are commanded by a field 
officer, who has under him an adjutant and two aſſiſtants. 
The commiſſary general of artillery detaches a commiſſary, 
to make the iſſues and purchaſes during the campaign. 

215. When a broad river runs through the country in 
which the army is to act, a ſufficient number of large boats 
are provided for making bridges, and are left in the water till 
wanted. 

When there are ſeveral ſmaller rivers, a number of pon- 
toons accompany the army, carried on proper carriages, with 
baulks, cheſſes, cordage and every thing requiſite for con» 
ſtructing bridges : an officer of the artiticer - company with 
a party of artiticers has the charge of this duty, The num- 
ber of pontoons is regulated by the, bridges there may be a 
neceſſity of making, and by the breadth of the rivers: the 
common calculation is a pontoon for every 16 feet of breadth, 
belide the two for the ceatre; if the river be navigable, 
The conſtruction of theſe bridges has been already men- 
tioned / 37). 

216. The following is a proportion of pontoons, &c, for 
laying a bridge over a river 300 feet broad. 
Pairs of 


Oren, 
Twenty pontoons mounted on carriages . . . 60 
R carts carrying 360 cheſſes or planks 
13 feet long, from 19 to 14 inches broad, and 2þ 24 
inches thick .. . .. 25055004 2005 0500 0005 $5222002 2608 
Fifteen ditto, carrying 120 baulks from 16 to 18} 1g 
feet long, and from 4 to 7 inches thick . 
Eight ditto, 10 anchors and cables, ſheer-lines,} 8 
6 capſtans, artificers tools... ... . . — 


Number of pairs of oxen 107 


— — 


- 


Inſtead of pontoogg, boats made of leather are ſometimes 
carried in waggons Mided up; when wanted for uſe, they 
are ſtretched out with Foſs pieces of wood, and 4 axle-trees 
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fixed to the bottom furniſhed with ſmall wheels, that they 

=_ on 1 gre being damaged; upon them 
aid a kind o over that the bridge i n 

1 * 

In mountainous countries, ſmall leather boats are carried 
on the backs of mules; each mule carries two. Bridges made 
of theſe boats will not ſupport a weight excecding 10 ct. 

In laying bridges of all kinds, whenever the river is ſo 
ſhallow that a heavy weight would fink the boat till it touch 
the bottom of the river, treſtles ſhould be ſubſtituted in their 
room, for reaſons too obvious to need mentioning. = 


K. . 


Or ru ENCAMPMENT or AN ARMY, AND or THE 
PARE² OF ARTILLERY. 


217. Tar troops that are to compoſe an army are 
drawn out of their cantonments and quarters at the begin- 
ning cf the war or of each campaign, and march to 
fone particular place here they encamp in order of battle 
(209). As the place of rendezvous is always at a diſtance 

om the enemy, it is ſufficient it it be dry and abounding 
with wood, water, hay, and ſtraw; but the other camps 
that the army may. accupy in the courſe of the campaign, 
independent of theſe requiſites, muſt in other reſpects cor- 
reipond with the views of the general: the firit object is the 
ſecurity of the troops; wheretore, 

1. There ſhquld be in the front of the encampment 
a ſpot ſpacious enough to diaw up the whole army in 
two lines, and to engage without being embarraſſed 
by the tents. _ 

2. The front and flanks ſhould be covered by houſes, 
villages, rivulets, ditches, ponds or ravines, which the 
enemy cannot paſs in order of battle. 

3. Above all, the rear of the encampment ſhould be 
#cured, and a free communication eſtabliſhed betweea 
the magazines. | 

4. Any villages, houſes, or high-grounds near the 
eamp, ſhould be occupied by ſtrong detachments, Ie 

% 5 
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5 If the camp be interſected by canals, ditches, 
rivulets, or other obſtacles to a free communication 
between every part of it, bridges ſhould be laid and 
paſſages opened, that the whole may eafily move to the 
ſup;ort of any part that is attacked. | | 

218. In nothing is the ability of a general more conſpi- 
cuous than in the choice of his encampments; and few 
circumſtances have conduced more than this ro gaining 
the molt brilliant victories ; but as the full diſcuſſion of this 


intereſting part of tactics would be foreign to the purpoſe, 


our oblervations will be confined to a few points. 
(Fi. 10, Pl. 6) The fixth plate repreſents a common 


encampment of 40 battalions and 40 ſquadrons ; A, the en- 


campment of the firit line; B, that of the ſecond, diſtant 
from the firſt 6 or 8 90 paces; C, brigades of infantry of 
hve battalions each; D, brigades of cavalry and dragoons 


of 10 ſquadrons each;, E, the park of artillery; F, head 
quarters; G, the village whence the camp takes its 


name; H, ground for the firit line to draw up in order 
of battle, diitant from A at leaſt 609 paces; I, ground for 
the ſecond line to draw up in order of battle, K, houſes or 
barns occupied by the advanced guards of infantry; L, 
advanced guards of cavalry, as poſted during the day; M, 


points to which the cavalry retires during the night to be 


covered by the infantry, 


As many paces are allowed for the front of each battal- 


lion as it contains files; and an interval of at ieaſt 20 paces 
is left between ev-ry two battalions of ghe firit line, that 


thoſe of the ſecond line may, if neceſſary, paſs through them 


and form at I. | 

As many paces as there are files in each ſquadron and 
one half more are allo ved for the front of each ſquadron 
with an interval between every two of at leaſt half the front 


of a ſquadron, that thoſe of the ſecond line may paſs without 
interruption, and form at I. This diſpoſition is nearly 
regular when the ground is level and open; but is deviated 


from, if ſuperior advantages can be gained by a different 
poſition, or the ſafety of the camp better ſecured. When 
one flank is covered by a ravine, river, lake or impaſſable 
moraſs ; and there is on the other a flat open piece of 
ground, all the cavalry is encamped on this flank. 

* This mode of encampment has been generally prac - 
liked for theſe two laſt ran; but in the defenſive ſyſtem, 
other 
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other modes are adopted, ſuch as the cloſe and the extended 
camp. In the cloſe camp, the army is encamped in three 
or four lines ; and with the antients, its form was ſquare or 
rectangular, with little difference between the length of the 
ſides in open and level ground; but the moderns without 
regard to the figure, attend only to the nature of the 
ground, endeavouring effectually to ſecure ſome of the ſides, 
that they may be the better able to oppoſe the enemy at 
the vulnerable points. Such poſitions are frequent in moun- 
tainous countries ; and thoſe are eſteemed the ſtrongeſt, that 
are on a ridge between two vallies or rivers, or on a riſing 
ground with a river in the rear; ſo that the enemy however 
numerous, cannot ſurround the camp or cut off the ſup- 

ies. In the extended camp, the whole army is ercamped 
in one line; when from ſituation or circumſtances they are 
under no apprehenſion of being attacked, and wiſh to pre- 
vent an enemy from paſſing a broad river, or occupy a chain 
of poſts in the mountains to cover a country. | 

220. The «brigades of artillery being prepared, and the 
captain — 4, each having inſpected it, and received 
his order of march; they are put in motion along the high 
roads, and join the army in one or more days. journey, ac- 
cording to the diſtance : when their route lies . through a 
ſuſpected country, they are eſcorted by a competent num- 
ber of infantry or cavalry, as the country is more or leſs 
level or mountainous. -: 

The commandipg officer ſends forward the quarter-maſ- 
ter and carp men early in the morning to the village 
where he intends Jo halt, in order to prepare quarters and 
for ge, and mark out 4 piece of ground for the park. 
When the brigades reach the army they are drawn up in 
four lines on the ground pointed out by the commander 
in chief, with 6 or 8 paces between. every two carriages, aud 
20 paces between every two lines; that the'borſes..may be 
harneſſed and the march reſumed without confuſion : the 
guns, light-wazgons, and ſpare-carriages in the firſt line; 
the tumbrils in the ſecond ; the ammunition-waggons in 
the third; and the waggons with the intrenching tools and 
the forge cart in the fourth : the brigades are called after 
the captairts that command them, and are drawn up accord- 
ing to ſeniority z' the firſt brigade on the right, the ſecond on 
the left of the firſt, and ſo on ſucceſſively to the laſt, which 
is generally the park brigade. 10 
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Ta front of the park and about the centre, a quarter- 
guard is placed ſufficiently numerous to furniſh centinels; 
and two alarm guns are ſtationed there, and kept unlimbered 
with a lighted match to give ſignals for the army to 


under arms. The non-commiſſioned officers and ſoldiers 


tents are pitched on each flank of the park. at the diſtance 
of 20 paces from it; and 40 pa the rear are pitched 
the officers marques in two lines. At ſome diſtance in the 
rear of the marquees, the horſes are picketed in two or more 
lines with the tents of the drivers, &c. on the flanks. 

221. The brigades being arrived, the commanding affi- 
cer makes his report to the commander in chief, and waits 
on him every day for orders; and the adjutant goes every 
day at orderly time to take the detail of duty, When the 
camp is pitched the artificers examine the carriages, and 
the conductors of horſe inſpect the harneſs; at the ſame 
time the conductors of ſtores examine the tumbrils and 
ammunition waggons of their reſpective brigades, to ſee if 
any thing has been damaged or diſplaced during the march. 
The officer on guard over the park ſhould go his rounds 
two or three times during the night, and cauſe them to be 
repeated by the ſerjeant and corporal of the guard: he ſhould 
alſo take care that the cooking places are at a diſtance from 
the park, and all fires extinguiſhed at ſun-ſet, and even 
during the day if the wind blow hard. The next morn- 
ing before the guard is relieved, each conductor goes round 
his brigade attended by a non-commiſſioned officer of the 
guard, to ſee that nothing has been ſtolen or broken during 
the night. | | 

222. When the park of artillery is placed between the 
firſt and ſecond line, it is ſuppoſed that there is no dan 
of being attacked: (Fig. 10, Pl. 6) but when the vicinity 
of the enemy's army renders precaution neceſſary, the bri- 
gades of artillery are poſted between the brigades of the firſt 
line of infantry, and on the flanks between the infantry and 
cavalry, Each brigade is then ſubdivided : one part con- 
liſts of the guns, light waggons, ſpare carriages, and tum- 
brils, with the officers and greater part of the gunners; the 
carriages are drawn up in two lines in the intervals of the 
firſt line of infantry, with the mens tents on the flanks, the 
officers marquees in the rear, and the horſes and drivers 
behind them : when 100 paces are allowed for the front 
of each brigade, this * is called the artillery drawn 
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up in order of battle. The other part which includes the 
remainder of the brigade under the care of a non-commil. 
fioned officer with ſome gunners and the condu tor, are ſta- 
tioned' between the two lines of the army, cr in the intervals 
of the ſecond line: thoſe ſubdiviſions are frequently drawn 
up together, and go'under the general name of the depot ; 
and then an officer is ent to command them, 

When the ground in front of the field of battle is low, 
and there are any points that command the roads by which 
the enemy muſt advance to the attack, ſome guns ſhould 
be poſted there ſupported by pickets of grenadiers, or other 
choſen troops encamped on their flanks. 


CHAP. V. 


Or Tus Marcy or an Army, AND or THE DisPosITION 
OF THE TRAIN OF ARTILLERY. 


223. I. ON G and frequent marches fatigue troops and 
occaſion ſickneſs; wherefore no march ſhould be made, 
unleſs ſome real and eſſential object is propoſed from it. 
Previous to a movement, a general takes into one point of 
view the plan of operations; the nature of the country the 
army is to paſs over; the time requiſite for performing the 
march; the enemy's force and diſtance : and thence deter- 
mines in how many columns the army ought to be diſpoſed, 
that the march may be eaſy and expeditious, and the troops 
ſoon formed in order of battle, in caſe of an attack on the 
march; how each column ſhould be compoſed, and hich 
road it ſhould take. 

When there are not roads enough for the ſeveral columns, 
the cavalry croſs the fields, and the infantry march on the 
roads; the columns of artilery on the broadeſt and beſt. 
The light troops are ſent forward early in the morning to 
reconnoitre the country; and if the enemy be near, they 
are fupported by a conſiderable body of troops: in their 
rear march the detachment intended to guard the new en- 
campment, with the camp-colour-men that are to mark it 
out. But if the enemy be at a diſtance, the camp-colour- 
men afſeaibic at a certain time and place, and proceed with 


the camp-guard, and the quarter-maſter-general nr 
| or 
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orders of the general of the day, towards the new encamp- 
ment. On their arrival, the quarter-maſter-general marks 
out the camp, and the general of the day poſts the neceſſary 


rds. 
mach column has a front and rear guard ; the ſtrength of 
the detachment that covers the artillery and baggage is deter- 
mined by circumſtances. 

224. When the drummers beat the general, the quarter- 
maſter and camp-colour-men of the artillery repair to the 
place appoined for their aſſembly, and accompany the other 
camp-colour-men to the new camp; and every thing is 
prepared for the march. | 

At the beating of the general, the artillery- men ſtrike their 
tents, pack their baggage, and harneſs and bridle the horſes : 
at the ſecond ſignal, or the aſſembly, the horſes are put to 
the carriages, and they are all drawn up ready to march ; 
and at the third ſignal, the whole move into the place 
aſſigned to them in the order of march. The brigades 
march according to the ſeniority of their captains, with the 
light waggons in front ; then the guns, the tumbrils, the 
ammunition waggons, waggons with intrenching tools, and 
laſt of all the country waggons and forge carts. Each 
tain with the greater part of the gunners marches at the head 
of his brigade; a ſubaltern Mun a ſmall detachment in 
the rear; and another detachment under a non- commiſſioned 
officer on the flanks near the ammunition, which is alſo the 
ſtation of the conductor of ſtorzs. The artillery column is 
preceded by ſome pioneers taken by detachment from the 
ſeveral brigades ; and ſome artificers to mend holes in the 
roads, examine the bridges, repair them or lay down new 
ones, and open avenues into the park, in caſe the camp- 
colour-men have not had time to doit. When the bri- 
paces reach the new encampment, they are drawn up as 

ore. 

225. The ſeventh plate repreſents an army on its march 
in five columns from the encampment A towards g: (Fig, 
11, Pl. 7) the centre column of artillery C is preceded by a 
brigade of infantry D, and followed by a part of the bag- 
gage of the army: the remainder of the baggage F forms 
the fourth column with two brigades of infantry in front; 
H, the van-guards of each columa ; I, the rear-guards; K, 

new encampment and the camp-colour-men ; L, light 
iroops detached in front to reconnoitre. When there is any 


2 3 apprehenſion 
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apprehenſion of being attacked on the march, a brigade o? 


attillery marches at the head of each column preceded by 
the van-guard of the column. Accordingly as the ground 
on the flanks is open or ſtrong, they are covered by columng 
of infantry or cavalry. | 

In a retrograde movement towards Q, the camp-colour- 
men and new camp guard march firſt ; then the artillery and 
baggage followed by the army, diſpoſed in as many columns 
as poſfible, in order to ſhorten the line of march: each has 
it's rear-guard. In an open country, the light cavalry forms 
the rear-guard of the army ; and in ſtrong cloſe countries, 
the infantry. When a movement is made by either flank, 
there are generally as many columns as the army was en- 
camped in lines: the column of artillery and baggage marches 
on a high road behind the rear line, and is eſcorted by a 
ſtrong detachment. The light troops march between the 
firſt line and the enemy, to give timely notice of their ap- 
_ In this manceuvre, if the firſt line march along a 

igh road, and the artillery be diſpoſed according to the 
order of battle, the guns ſhould follow each other in file, 
and the tumbrils form a ſecond ne parallel to them, when 
the breadth of the road admits of it; but in narrow roads, 
they ſhould follow the guns: if the enemy advance to attack 
the army, the tumbrils ſh--uld be diſpoſed in a ſecond line 
behind the guns, in order to be ready for action. 

226. If the army in marching from the camp A towards 
B muſt paſs through a defile, and the enemy is poſted on 
the other ſide, the mouth of the defile (hould be occupied by 
fome grenadiers and other choſen troops, with a tew pieces 
of cannon ; under favour of which, the column on coming 
out of the defile may deploy in order of battle. 

When there is a neceſſity of croſſing a river by a bridge, 
and the enemy is at hand to diſpute the paſſage, ſeveral pieces 
of cannon ſhould be planted on the bank of the river to the 
right and left of the bridge, ſupported by ſome battalions, 
under cover of whoſe fire the army may croſs the bridge, 
and form in order of battle on the other fide. Intrenchments 
thrown up to protect the army in paſſing the bridge, ſhould 
be lined with cannon and muſquetry. Whenever the river 
is ſo broad as to render the fire from the oppoſite bank of 
no effect, an intrenchment ſhould be thrown up, and 
embrace a large extent of ground ; the better to enſure the 
ſafety of the troops. The 


—_— ——k —— a— uw=____ 


F ↄ ᷣ mc 


IN TIME OP WAR, ' 359 


The army that attempts to paſs through defiles, or croſs 
bridges in the face of an enemy, ought to be greatly ſuperior 
in number. | 

227. An army in retiring from the camp A towards Q, 
is under a neceſſity of paſſing through a defile, and the enemy 
is at no great diſtance ; the defile ought preyiouſly to enlarged 
to render the march more ſecure : when that is impracticable, 
ſome choſen infantry with a few pieces of cannon ſhould be 
poſted on the fides of it. In caſes of. particular danger, a 
ſtrong entrenchment muſt be thrown up at the entrance of the 
defile, or at leaſt a chain of redoubts at proper diſtances from 
each other, lined with cannon and muſquetry ; the army ſhould 
then retreat by night, and draw up in order of battle after 
having paſſed the defiles, to receive the artiilery that covered 
the retreat ; and the infantry that was left in the intrench- 
ment will form the rear guard, 

When the army in its retreat muſt croſs a bridge, a de- 
tachment ſhould be ſent forward to throw up an intrench- 
ment to cover the bridge; a large body of infantry thrown 
into the work before ſun-ſer, and cannon planted on every 
point on the other fide of the river that flanks the intrench- 
ment, During the night, the remainder of the army ſhould 
croſs the bridge, and draw up on the other ſide of the river 
in order of battle, to receive the corps of infantry that was left 
in the intrenchment ; and when the whole has paſſed, the 
bridge ſhould be broken down. This manceuvre ought never 
to be practiſed but in caſe of neceſſity, unleſs the intrench- 
ment can be made of a very reſpe-table profile, 


CHAP.  Yh 


Or BATTLES AND GENERAL ENGAGEMENTS, 


228. A N order of battle is the moſt advantageous diſ- 
poſition of the battalions, ſquadrons and artillery, that com- 
pole an army, relatively to the nature of the ground, the 
number of each ſpecies of troops, and the ſtrength and poſi- 
tion of the enemy: hence it is eaſy to conceive, that the diſ- 
poſitions and combinations of troops may be infinitely varied; 
dut as it would be foreign to our purpoſe to nter into a par- 
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| , ticular diſcuſſion, I ſhall only endeavour to give a few gene · 
| ral ideas on the ſubject. 

229. All orders of battle may be reduced to two, the pa- 
| rallel and oblique ; and each of theſe may be either offenſive 
| or defenſive. 

In the parallel order, the troops are ſo diſpoſed, as to bring 
the whole extent of the front line into action; this order was 
principally practiſed in the wars of the preceding centuries, 
particularlv in level and open countries. 

In the oblique order, a part only of the front line is en- 
gaged, the remainder being kept in reſerve; this is performed 
| with the right or left wing, or with the centre : or with the 

two wings reſerving the centre; it is then termed the double 
oblique. 

An army may either attack or be attacked; a general may 
from ſome particular advantage ariſing from the nature of the 
ground, combined with the diſpoſition of the troops, be in- 
duced to ſtand an attack: as in the two following caſes ; 

1. When the troops are drawn up in a poſition na - 
turally ſtrong, where they may receive the enemy's at- 
tack, and ſeize the firſt ſavourable opportunity of acting 
offenſively. 

2. When from the nature of the poſition, the defen- 
dants can throw in a fire ſo much heavier than that of 
the aſſailants, as to give a moral certainty of repelling 
the attack with great loſs to the enemy, and but little io 

Fe themſelves: theſe caſes excepted, it is very hazardous to 
receive battle in a poſition merely defenſive. 

The oblique has by the moſt able generals been preferred 
to the parallel order, whenever the ground admitted of it; 

ſince it affords an opportunity of diſplaying tte moſt maſterly 
and conſummate knowledge of tactics, and is the beſt adapted 
to an inferior army. | 

230. From the definition of the ſeveral ſpecies of troops 
(Chap. 1.), it is eaſy to imagine a variety of orders of battle 
adapted to certain ſituations: but the primary object of 
every general ſhould never be loſt ſight of; viz. of providing 
for the ſecurity of his own army before he attacks the enemy: 
wherefore the diſtribution of the troops and the figure of t 
order of battle ſhould form a kind of a moveable fortification, 

| where all the parts mutually cover and deſend each other; 
and each ſpecies of troops ſhould be poſted in the precite ſpot 
| where they can act with the greateſt energy, and 2 
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change their operations from defenſive to offenſive: cavalry 
for inftance, ſhould be poſted on level and open ground, 
that they may perform the neceſſary evolutions without im- 
pediment or embarraſſment 189). | 

The artillery ſhould be d:awn up in the beſt ſituations for 
enfilading the oppoſite army with round thot (194), or firing 
caſe-ſhot againſt their front (195). In advancing with the line 
of the army, the ground in front ſkould be level and open 
(192): this circumſtance is not very material when the army is 
not to advance, but receive the enemy in their preſent poſi- 
tion; it will then be ſufficient, if their rear be ſecured by ditches 
or other obſtacles againſt a char of cavalry. 

Finally, the infantry which is the ſoul and ſtrength of every 
diſpoſition, will be advantageouſly poſted when they are 
drawn up three or four deep behind fences or hollow ways, 
whence they can keep up an inceſſant fire and manceuvre freely ; 
or ſome paces behind the creſt of a riſing ground, which may 
ſerve as a kind of parapet: when they are to advance to the 
attack, the ground in front ought to be open ; and that part 
of the firſt line which is to charge ought to be formed with 
very deep files or in column, not expoſed to be taken in 
flank by the enemy's artillery. | | 

221. The diſtance between the firſt and ſecond lines is 
300 or 400 paces; with the corps de reſerve, 200 paces in 
the rear of the ſecond line ; or between the two lines, in 
which caſe, the diſtance between them is increaſed to 400 or 
500 paces. When the army advances in line, an interval 
of 20 or 30 paces is left between every two battalions, to 
prevent them from crouding the files, which generally hap» 
pens when this precaution is neglected ; but theſe intervals 
are unneceſſary when the army is to receive the attack: 8 
or 10 paces are left between every two guns. The intervals 
between the ſquadrons of the firſt line ſhould not exceed nor 
be leſs than half the front of one ſquadron. 

In making a long charge in line, the ſquadrons ſhould 
never touch each other, from the almoſt abſolute certainty of 
their being in diſorder before they reach the enemy. 

232. (Fig. 12, Pl. 8) AB is an army drawn up in the 
parallel order of battle, to engage the firſt line of the enemy's 
CC; and may be ſuppoſed to be acting either offenſively of 
defenſively. 

(Fig. 13. Pl. 8.) The army is drawn up in a parallel 
order of battle defenſive ; in this diſpoſition the right wing 

is 
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G is ſupported by the artillery A, planted on an adjacent emi. 
nence, and covered by ſome battalions B drawn — the ſe- 
cond line. The left wing A joins to the village C in which 
are poited the guns D ſupported by the battalions F, drawn 
alſo from the ſecond line. 

(Fig. 14, Fl. 9.) The ninth plate repreſents two oblique 
orders of battle: the cavalry is advanced on the right of the 
army to attack the enemy ; the left of this diſpoſition is de- 
fenſive, being ſecured by the height A, on which are poſted 
ſame battalions B with artillery C, and farther ſupported by 
the columns D, kept in reſerve. 

(Fig. 15.) The cavalry C is on the left of the army in 
a defenſive poſition; fince the front line of cavalry being in a 
line with the ſecond line of infantry is covered by the dank 
A, formed by ſome battalions, and the brigade of the park. 
The right wing D of the army is compoſed of the grena- 
diers and choſen infantry, ſome ranged in column and others 
in order of battle, in ſeveral lines to march forward to the 
attack. Before the troops advance, the artillery at B keep up 
a heavy cannonade, ſeconded hy the firſt line. The ſqua- 


| drans 8, ſtand ready to ſeize the firſt moment of the enemy's 


being thrown into diſorder to charge. 

When two armies engage in one or other of theſe or- 
ders, it is called a pitched battle or general engagement : but 
when from the nature of the ground, the troops cannot be 
drawn up in either of theſe methods, but are obliged to en- 
gage one after the other in a very coufined ſpace, it is 
termed an action. The difference then between pitched battles 
and actions conſiſts in the iſſue of a pitched battle being al- 
ways very deſtructive to the army that is routed : whereas in 
actions, the victory decides but little; though perhaps the loſs 
of men may be much greater than in a general engagement: 
for which reaſon, the ableſt generals have endeavoured to 
avdid actions ; and when they have been forced into them, 
it has been o«ing to ſome accident, which the moſt ſkilful 


diſpoſition and wileſt precautions could not guard againſt. 


The principal maxim is, to adapt the diſpoſition of the troops 
to the inequalities of the ground, in ſuch a manner that they can- 
not be taken in flank ; but may be able to attack in front and 

flank, or at leaſt obliquely the enemy's army: and to bring into 
attien a greater number of men than the enemy can oppoſe to 


them ; this is obtained by drawing up the army with a more 
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extended front, in order to out-flank the enemy; with the 
infantry four deep to throw in a heavy fire. 

The artillery is poſted at the points, whence from the na- 
ture of the ground and the enemy's diſpoſition they can do 
moſt execution, = 

234. The commander in chief having reſolved to give or 
receive battle, communicates his intentions to the generals 
and the commanding officer of artillery z that they may 
do their utmoſt to ſecond them. If the commanding officer 
of artillery foreſees that the ſeveral brigades may during the 
action labour under a deficiency of men to execute the ſeve« 
ral neceſſary manceuvres, he ſhould apply for a certain 
number of additionals to be attached to each brigade , either 
to aſſiſt ia working the guns; levelling obſtacles ; filling up 
ditches; or laying down bridges: for the greater ſecurity, 
they ſhouid be under the command of their own officers and 
non -· commiſſioned officers, | 

It is ſometimes impoſſible previous to an engagement, to res 
connoitre the country ſufficiently, to know the points where the 
artillery ought to be planted ; the commanding officer ſhould 
in this caſe ride along the front, before the two armies 
come to cloſe action; and ſubmit his obſervations to the 
commander in chief, propoſe ſuch diſpoſitions of the artillery 
as appear the moſt advantageous, and inſtantly execute th 
orders he receives, 

When the armies engage in the parallel order, and conſe- 
quently the whole front is brought into action, the com- 
manding officer of artillery, beſide his ſtaff, ſhould be at» 
rended by ſome ſubaltern officers, that he may be able tg 
ſend orders to the ſeveral brigades ; ſince during the action 
he ſhould never quit the commander in chief without per- 
miſſion ; and then only to examine the ſtate of his brigades, 
or tranſport himſelf to any ſpot where his preſence may be 
abſolutely requiſite ; it reſts with him to demand extraordis 
nary reinforcements for making a vigorous puth againſt the 
enemy, or for ſuſtaining a very lively attack, 

235. The officers of the ſeveral brigades having reteived 
their orders, diſtribute the artillery- men and additionals to 
the guns, and immediately open paſſages in the front and 
flank, that they may be able to move without impediment. 

When the army advances in line, the guns are drawn by 
horles to the place of action; at the commencement of the 
action, the ſpare carriages and waggons are placed 250 paces 
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in the rear, not to endanger their being blown up, and a 
tumbril is Kept near each gun with the light waggons. 
The artillery-men and additionals not actually employed 
ſhould be ſheltered behind the waggons; without which pre- 
caution, many men may be ſacriſiced to no purpoſe at the 
beginning of the action, and the guns become unſerviceable 
long before it is over. 5 

If infantry and cavalry be ranged in two lines, that the 
ſecond may ſupport and ſupply the place of the firſt ; how 
much more ought the artillery, which during the whole action 
is expoſed in the firſt line, to have ſome men in reſerve to 
ſupply the place of thoſe that are diſabled, that there may be 
always the neceſſary number for keeping up a briſk fire? 

The brigade is divided into two parts, each under com- 
mand of a ſubaltern; who is to take care that the fire is well 
directed, and the ſervice carried on properly, and without 
confuſion : the captain inſpects the whole brigade, replaces 
the men that are killed or wounded, and makes them bring 
up another tumbril when the ammunition in the firſt is 
nearly expended. When the action is likely to laſt long, 
he ſends t the depot (222) for more ammunition, and in- 
forms the commanding officer of his loſſes and expenditure. 

236. To derive the greateſt advantage from artillery, the 
firing ſhould be briſk and without contuſion ; and the utmoſt 
attention paid to loading and laying the guns, that the ſhot 
at the ſeveral diſtances may reach the enemy: an officer 
will hen his judgment by cannonading that part of the 
enemy's diſpolition, which it is of the mo{ conſequence to 
throw into ditorder; or by firing cafe-ſhot, when the diſ- 
tance and other circumſtances permit. 

Confuſion in the ſervice of artillery ariſes either from the 
want of a proper diſtribution of the men ; from their auk- 
wardneſs ; or from their being ſeized with fear, or a ſpecies 
of deliriun, under the influence of which they are deſirous of 
firing with the utmoſt precipitation. To prevent which ; 

1. The artillery-men ſhould be exerciſed every day 
till they have habitually acquired a ſuperior addreſs in 
the management of the guns, according to the plan of 
exerciſe laid down in the ſcnool- practice: for if every 

officer takes upon himſeif to alter the mode of exerciſe, 

it muſt inevitably lead o confuſion z particularly when 
the men are changed from oae brigade to another, _ 
2+ 
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2. The men ſhould be poſted to the reſpective guns, 
each man informed of his particular duty; and the ad- 
ditionals practiſed in dragging them. | 

+ The officer ſhould ever preſerve an air of coolneſs 
* tranquility, and employ arguments rather than me- 
naces, to encourage the timid, and repreſs the ardour of 
the violent; puniſhment ſhould not be uſed but in the laſt 
extremity. 

The guns ſhould fire flowly at firſt, by which means the 
ſoldier not being flurried at the onſet will preſerve his pre- 
ſence of mind in the heat of the engagement, and perfom 
his duty with coolneſs and alacrity. 

237. The brigades follow the movements of the infantry, 
preſerving the proper intervals. In the mean time, the wag- 

ons and ammunition carts, that are in front of the ſecond 
he, follow the guns at the diſtanceof 259 paces, till the conteſt 
is determined. If the enemy retire, the carriages are brought 
up and the guns limbered to follow more eaſily the move» 
ments cf the arm: but if the iſſue be unfavourable, the 
captains commanding the brigades, when ordered to retire, 
exert every means in their power to fave their guns, though 
preſſed by the enemy : with a view to this, they ought to have 
examined the roads, bridges and other avenues, previous to 
the action. When all retreat is impracticable, the guns 
ſhould be ſpiked or rendered uſeleſs in ſome other manner 
the ammunition blown up, and the principal articles deſtroy 
or carried off, 

238. The commanding officer of artillery, who has al- 
ways remained with the commander in chief, ſhould have 
foreſeen the fatal moment of defeat, and have given ſuch 
directions that the guns may not on the retreat, embarraſs 
the movements of the trœops. On the receiving the order 
to retire, he will cauſe the depot that is ſtationed behind the 
ſecond line to move inſtantly, and all the brigades of the 
firſt line to retire by the roads pointed out io them. He 
will in perſon repair to the ſpot where there appears to be 
the greateſt difficulty and danger, that by his ſuperior know 
ledge and experience he may extricate his officers and men 
out of the ſtraight to which they are reduced; and as the 
limbers are ſometimes broken and uſeleſs, he will apply for 
an additional number of infantry to aſſiſt in dragging off the 
guns, The brigades and deput, ſhould repair as faſt as 
poſſible 
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— to the place of rendezvous, that the troops may fol. 
* 


without confuſion. 

When the army is in ſecurity, the captains ſhould examine 
the ſtate of their brigade, and make a report of deficiencies 
to the commanding officer, who makes his demands accord. 
ingly ; the artificers are ia(tantly ſet to work to repair the car- 
riages that are damaged, 


. VI 


Or Tas ATTACK ann Derence or Field Fokri- 
FICATIONS, 


239. 3 O conceive an adequate idea of the beſt mode 
of attacking and defending field-works, their conſtruc- 
tion and uſe ſhould be firit underſtood : to this end, ſome of 
the fundamental principles laid down in the Treatiſe on 
Military Architecture will be here repeated. 

The object of field- works is defence: yet the mode of 
defence is very different from the method of defending re- 

ular, or even irregular fortreſſes. Since the latter are amply 
ſupplied with proviſions and ſtores; whereas field-works 
are open an one fide and communicate with the country, 
by which avenue the troops can always receive ſupplies of 
provifions, and are generally attacked without the diſpoſi- 
tions and precautions uſual in ſieges. 

240. Field-fortifications are conſtrued either with a view 
of covering an army that wiſhes to avoid an engagement, or 
ſecuring its retreat; of occupying fome important poſt, to 
Impede or fruſtrate the enemy's deſigns ; or of forming an 
intrenched camp in the vicinity of a fortreſs, to render a 
fiege difficult or impracticable. Theſe fortifications are diſtin- 

withed Into natural and artificial: in the firſt claſs, are ranked 

eights that the enemy with to get poſſeſſion of, at the foot 
of which are hollows or fences that are commanded : and 
eminences, houſes, villages and woods near io the camp or 
fleld of battle, that may be uſeful as points of ſupport, or as 
advanced poſts to intrench on. g 

A poſition on a riſing ground with ſteep banks is ſtrong; 
and when on the fide towards the enemy, there be a canal, 
river, lake, mortrafs, quickſand, ſteep precipice or narrow 


pats through which the enemy muſt defile before * — 
| o 
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kttack the camp, it is ſtill ſtronger; indeed ſome poſitions of 
this nature are found that are impregnable. 

241. When the ground is not naturally ſtrong, it is rendered 
ſo with field-works : this occurs moſt frequently in coun- 
tries interſected by large canals or rivers, &c. or in moun- 
tainous or ſtrong countries, whither an inferior army is com- 
pelled to retire from the open champaign country to avoid 
being ſurrounded and cut off from its ſupplies. 

In field. works conſiructed on the flat parts of a ſtrong 
country, one ſtage of fire is generally ſufficient ; but in forts 
and large redoubts, that are to ſerve as points of — to 

other intrenchments or as inſulated poſts, there oug 
two ſtages of fire, 

In mountainous countries, from the natural advantages of 
the ſituation, two ſtages of fire may be obtained with little 
expence or trouble. 

242. In the conſtruction of field-works, regard mutt be 
always paid ; 

1. To the nature and extent of the adjacent country, 

2. To the interior area. 

3. To the figure of the works, and the mutual ſup- 
port of the ſeveral parts. 

4. To the profiles of the works. 

243. Thoſe field- works are the ſtrongeſt, which from na- 
tural or artificial obſtacles cannot be approached by the enemy 
in regular order (242, No. 1): when the intrenchment can- 
not be made inacceſſible along the whole front, a part of it 


at leaſt ſhould be made fo; always keeping in view this maxim 


that the flanks be better defended than the front. The ground 
before the acceſſible parts ſhould to a proper diſtance, be cleared 
of trees, hedges, buildings, and every thing that can give 
ſhelter to the enemy. 

244. Ihe interior area ſhould be ſo ſpacious, that all the 
troops may encamp in good order, and perform the neceſſary 
manceuvres for defence without being ſtraitened for room. 
When the army is encamped in one linc, 500 paces are left 
between the intrenchment and the tents tor the troops to 


form on; and when in two lines, this diſtance is increaſed . 


to 800 paces (242, No. 2). 

| The front of the encampment ought not to be unneceſſa- 
rily exte:.ded, leſt there be too few men to line the intrench- 
ment: when there are any ditches, canals, precipices or other 
obſlacles to a free communication between the ſeveral parts, 


bridges 


t to be 
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bridges ſhould be laid and the heights levelled : and the en. 
campment ſo diſpoſed, that the army may move by either flank 
in the order that may appear the moſt advantageous for gain- 
ing any object in view, ſuch as ſeizing an important poſt, &c. 

From theſe remarks on field-works it may be inferred, 
that an officer ought to be complete maſter of the manner of 
attacking and defending this ſpecies of fortification, before he 
can be competent to decide upon the advantages or dilad» 
vantages of particular ſituations, 

245. Redans connected by curtains is the moſt common 
figure for field- fortifications in a campaign country: when 
from the nature of .the ground this figure muſt be deviated 
tram, it ſhould be a maxim that every part be flanked, that the 
line of defence never exceed 260 yards, and even leſs when 
particularly vulnerable (242, No. 3). 

The figure of ſmall forts erected to ſecure the flanks, or 
ſerve as points of ſupport to the weakeſt parts, or as advanced 
poſts, muſt depend on the nature of the ground: a covered 
way before the fort, or a ſmaller fort conſtructed within the 
larger one will give two ſtages ot fire. | 

There are two methods of fortifying houſes, villages, and 
other large buildings : the one is to cloſe and barricado the 
ſtreets, doors and lower windows on the fide of the enemy 
and enlarge them on the appoſite ſide, to give free room for 
the troops to enter for the defence : the other is to eſtabliſh 
two ſtages of fire, the firſt from the intrenchment that ſur- 
rounds the village ; the ſecond, from the upper windows of 
the houſes. In tracing the intrenchment, au interval of 30 
paces at leait ſhould be left between it and the houſes, that the 
troops wha line the works, may not be incommoded by the 
devaitation occafioned by the enemy's ſhoi among the build- 
ings. When there is a free communication between the 
village and the army, the front and flanks only need be in- 
trenched ; except it is intended as an advanced poſt, then the 
work ſhould be cloſed, 

246. Field fortifications may be claſſed under three heads 
(242, No. 4) 

The firſt kind is the moſt ſimple, and conſiſts of a parapet 
4} or 5 feet high and 34 feet thick at the top without ban- 
quette : this is thrown up in places which the enemy can- 
not approach without being oblig ed to defile; but never on 
flat open ground, unleſs the army be but little inferior in 
number to the enemy. The 


| 
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The profile of the ſecond kind conſiſts of a parapet 7 feet 
high and 6 feet thick with a broad banquetre, that the infantry 
may draw up two or three deep, and the troops at the foot of 
the banquette be ſheltered from the enemy's fire: the ditch is 
from 74 to ꝗ feet wide and 44 feet deep. Both theſe kinds 
of intrenchment are liable to be inſulted ; or in other words, 
expoſed to aſſault without any previous ſteps on the part of 
the aſſailant, - 

The profile of the third kind is a parapet from 12 to 15 
feet high, and as many thick ; with a ditch from 20 to 26 
feet wide and from 74 to 11 feet deep: this intrenchment 
js ſaid td be ſecure from inſult ; as it cannot be attacked but 
by a kind of regular ſiege, by opening trenches and erecting 
batteries, A row of paliſadoes fixed horizontally half way 
up the parapet, or with a ſlight inclination at the foot of it, 
adds much to its ſtrength. The banquette is from 75 to 9 
feet broad, that the infantry may draw up two deep and main - 
tain a heavy fire, when the ground in front is favourable ta 
the enemy's attempting to carry the work by aſſault. 

247. The 2 * the defence of the two former in- 
trenchments are diſpoſed as follows: 

7. The parapet is lined with one rank of infantry, 
who keep up the paliſado firing when the ground in 
front is ſo broken that the enemy cannot approach in 
order: when the ground is leſs broken, they are drawn 
p two deep and fire by platoons. When the ground is 
& favourable, that the enemy may adopt whatever diſ- 
poſition appears the moſt feaſible, the infantry are 
drawn up 4, or at leaſt 3 deep, and fire by word of com- 
mand from their officers, In this caſe, the two front 
ranks give their fire, and kneel down to give liberty to the 
two rear ranks to fire; they then riſe and the whole re- 
load. ' Of the various methods of parapet firing, this 
is the moſt ſimple and effectual, and produces more than 
any other, that ſolidity and conſiſtence which forms the 
excellence of every body of troops. | 

2. Beſide the troops on the banquette, there ſhould 
be ſome poſted in reſerve at a proper diſtance in the rear, 
to be ready to move to any part where they may be 
wanted; and behind the points, where the moſt ſerious 
attack is to be apprehended, a ſecond line of infantry 
{hauld be formed 300 paces from the parapet ; with 
ſome ſquadrons of * ry, drawn up in the rear Ja 
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flat piece of ground, ready to charge the enemy, the 
inſtant they force the intrenchment, | . 
3. In the third kind of intrenchment, the diſpoſition 
of the troops depends upon the mode of attack: when 
the enemy makes regular approaches, the ſame regula- 
tions are to be adopted as in the defence of fortrefſes, If 
the enemy attempt to carry the work by aſſault, the 
troops ſhould be drawn up 3 or 4 deep on the banquette 
to throw in a very heavy fire, in order to make him re- 
pent of his temerity. 
248. The diſpoſition of artillery in the two firſt ſpecies of 
field fortifications depends on the nature of the ground, and 
=y order in which the enemy approaches, e general 
rule is, | 
1. To poſt the artillery at the parts where the moſt 
ſerious attack is apprehended, leaving to the infantry the 
defence of the other parts. * 
2. If the enemy advance in column, guns ate placed 
on every point that can enfilade it ; and if in line, caſe- 
ſhot is fired from all the guns that bear directly on his 
front: | ſome others are brought to bear obliquely with 
round ſhot. An inceffant firing is kept up, till he is 
. obliged, to retire out of gun- hot to Tally: then the 
firing is ſuſpended ; and every thing prepared for giving 
him a warm reception when he returns to the attack. 
3. When the ground is fo favourable to the enemy, 
that he can by manceuvreing alter his diſpoſition at plea- 
ſure and keep the defendants in doubt which part he in- 
tends to attack; ſome guns are kept limbered and loaded, 
that they may be inſtantly drawn to the point of the 
greateſt danger. 8 | 
249. In attacking an intrenched camp with a profile of 
the firſt or ſecond kind, the flanks ſhould be firſt attempted ; 
but if their profile is, as it ſhould be, of the third Kind, the 
troops muſt advance within 900 or 800 paces of the front 
of the intrenchment in the parallel order, and then make the 
attack in the oblique or double oblique order, taking care not 
to preſent the whole front to the fire of the intrenchment, 
unleſs. the enemy weaken ſome part not attacked in order to 
reinforce thoſe againſt which the attack ſcems directed. 
When any defect in the works, or the interior of the camp, 
that-embarraſſes the troops in their manceuvres is perceptible, 


3; againſt that part; 
the weight of the attack ſhould be directed again js i nr 
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otherwiſe, the greateſt efforts ſhould be made at the point 
where the exterior grbund preſents ſome advantages: the in- 
fantry being diſpoſed. in ſeveral columns, connected with 
other troops and ſypported by a ſecond line of infantry, 
with the cavalry drawn up in the rear, ready to gallop into 
the inirenchment the inſtant the infantry have entered and 
cpened.breaches arg enough to admit them, 

The previous diſſo tions being made and the fignal given 
for the attack, he troops march forward in quick time; 
ſince it is only by advancing rapidly, that the defendants can 
be deprived of the advantages they have over the aſſailants : 
for the fire of the latter is, at the beſt, but uncertain ; while 
they are expoſed to a very heavy and well- directed fire from 
behind the works; common ſenſe and experience agree on 
this point. * 5.0 

250. In the aſſault of field-works, it depends on the poſi- 
tion of the intrenchment and the nature of the ground where 
the troops form, whether the whole or a part — of the 
artillery can be employed. The general rule is for the artil- 
lery to keep a very heavy fire previous to the advance of the 
troops, that they may meet with leſs reſiſtance and penetrate 
more eaſily. The principal caſes in which artillery is uſeful 
in this kind of attack are : | 2 

1. When the artillery of the works can extremely 
annoy the aſſailants, a ſuperior number of guns are 
brought up to filence them; and when there is any 
commanding ground at 200 or 300 paces from the 
works, ſome infantry is poſted on it to throw in as heavy | 
a fire as poſſible (199). n 

2. When there are any forts or redoubts with two 
ſtages of fire within the works, the fire of all theartillery 
is directed againſt them to throw the troops that defend 
them into diſorder; the inſtant this is perceived; the 
infantry advance rapidly to the aſſault. Red - hot ſhot 
and howitzer ſhells filled with combuſtibles are thrown 
into intrenched villages or houſes to ſet them on fire ; 
it ſhould be laid down as a maxiia in the attack of towns 
or villages, acver to let the infantry advance before the 

* has thrown the 1 into confuſion. Reg 

3 Any ground in the vicinity of the intrenchment, 
that enfilades or commands it, ſhould be occupied by a 
ſuthcient number of guns to take full advantage of this 
favourable circumſtance. 90 

| Aa.2 4. In 
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. In 'the"thiee' preceding caſes) the diſtinee of the 
. : guns from the works ſhould be from 240 to 340 yards; 
dad When very much expoſed to the enemy's mvſquetry, 
n they may de in ſome meaſure ſhehered by caſks: filled 
© > with earth, or with the doors and wihdows of the neigh- 
' bouring houſes: Some officers from an abſurd and falſe 
principle of ' honour have ciſregarded this mode of co- 
_ - vefing the artillery ; but thoſe who cbnſult the real ho- 
- ® Hour of a ſoldier will know, that it conſiſts in ad- 
vancing tlie intereſts of their country in the moſt cer- 
tain and expeditious manner ; it is therefore the firſt 
_ of an officer to cover his men as effectually as 
poſſible. Some guns ought to march in the rear f 
the column to ſeize any opportunity of acting to d- 
E 
251. Artillery is alſo em in the attack of intrenc 
| 5 i cc fol. pioy Pe 
CT, When the intrenchment is of great extent; as 
| e of circamvallation, and expoſed to inſult : ſome guns 
fte ſent with a body of infantry to make a falſe attack 
*|'Jurmg che night, in order to cauſe a diverſion of the 
— 70 ttoops: the falſe attack is made at a' diſtance 
' From the real one, and commences ſame hours before it 
Wich a very Heavy fire. | 
e When, the profile cf the intrenchment ſecures it 
fromm inſult, à kind of irregular ſiege is carried on with 
SWatteries und trenches : theſe attacks are generally di- 
ede zgalhſt the flanks of the intrenched camp, or 
ite Rant point. | = 
RY bs In battering bridges built of boats, und covered 
by redonbts or intrenchments, ſome guns are brought 
1 tlie edge öf the river, whence they can bear on the 
bridge ; and if the oppoſite ſhore be lined with muſ- 
uctry or (artillery, a ſuperior fire muſt be directed 
A againit* it, tö cover the guns: when the intrenchment 
- is injudiciouſly conſtructed, the infantry aſter the fire 
of the artillery has continued for ſome time, ſhould 
d qdyvance and ſtorm it. | ache 
4. When the enemy having laid a bridge of boats, 
"endeavour to paſs the river; the troops and artillery 
that are to diſpute the paſſage, form oppoſite to the 
bridge, to enfilade the enemy, who having crofſed the 
_ "bridge in column, will endeavour to deploy in E 


owing caſes : 


e- 
* 


IN TIE OF WAR. 374 


vf battle ; ſome guns are alſo planted. on the bank to 
cannonade the bridge: and if the enemy cover his 
paſſage by a fire from the oppoſite fide, a ſuperigr fire 
maſt be eſtabliſhed. It may be remarked, here, that 
whenever a bridge is to be attacked, or the paſſage of 
it diſputed, and there are guns on both . ſides. of the 
river, if the two banks be not on the ſame level, the 
troops on the higheſt bank will have the advantage, 
when the river is not leſs than a muſquet ſhot acroſs, 


* 


CHAP. VIII 0b 


Or THE QUARTERS OF AN ARI. 
8 eri 
252. Ir is cuſtomary to put the troops into winter gar 
ters towards the end of autumn; and in ſome countries, into 
ſummer cantonments during the great heats, of tha ſeaſon, 
They ate lodged in the towns and villages, nd A ue 
according to the order of battle in which. they are encamped; 
hat is to ſay, the troops that compoſe the firſt line arc quar - 
tered in the hauſes neareſt to the enemy, and; tho of the 
ſecond in the towns in the rear; regard is alſo pajd, to the 
poſition of the wings and centre, ſo that the troops may on 
occaſton march forward to the ground that is fixed on for 
their general rendezvous, without canfuſian or danger of 
croſſing each other in the march. The quarters are 
or leſs extended in proportion to the e the 
two armies, and there is generally a river or defile in , wy 
253. The brigades of artillery. are, generally "quartered 
together in ſome city or town in the ſecond. line, With. a body 
of infantry to cover them, 2 


At every halt during the campaign, the damages were 
repaired as far as circumſtances would admit; and advantage 
is now taken of the ſummer cantonments, to examine and 
put every article in a complete ſtate of repair, . that on any 
emergency the brigades may be iaſtantly ready ; the ammu- 
nition, &c, is left in the waggons, — the park formed in 


the proper order, that the horſes may be harneſſed without 
confufion, When the ammunition is carried on beaſts of 
burthen, it is unloaded and lodged in ſome building not 
expoled to fire, and ſpacious enough to contain it without 

mixing 
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mixing the ſeveral ſpecies together. The officers, non- com- 
miſſioned officers, artillery-men, drivers, , conduQors, and 
horſes are quartered in the houſes contiguous to the park, 
with a proper guard ; particularly in conquered countries. 
The commanding officer of artillery having been previouſly 
advertiſed by the commander in chief, of the poſition each 
brigade is to take up in the field of battle, and of the route 
by which they are reſpectively to march, examines the roads 
and ground attended by his captains, and orders the neceſ- 
fary repairs to be made to facilitate the march : he explains 
to his officers the intentions of the general, that they may 
be enabled punctually to execute the orders they receive, 
whether by expreſs or concerted ſignal; in the latter caſe, 
— attentive men are poſted day and night to obſerve the 
8. 

_— When in front of the line of quarters, or on the 
only road by which the enemy can approach the eanton- 
ments, there is any poſt or commanding ſituation; it ſhould 
be occupied by a detachment of infantry, ſupported by one 
or two diſs of artillery, that it may be able to hold out 
for ſome days, and give time to the army to aſſemble and 
march to its relief. The officer who commands theſe bri- 
gades will conſider attentively the nature of the poſt, and 
the adjacent country, and judge whether it be expoſed to 
a coup-de-main z';and whether it can be ſtrengthened-by any 
additional works : he will communicate to the commanding 
offioer of the poſt, his ideas upon the plan of defence, and 
poſt his guns at the moſt important points, with a propor- 
tion of ammunition in caſe of attack. 

255. At length, the ſeaſon for military operations being 
over, and the commander in chief having ordered the army 
into winter quarters in the moſt convenient and plentiful 
country, that they may recover themſelves from the fatigues 
of the campaign; the brigades of the artillery move towards 
the place of their deſtination under the eſcort of a body of 
infantry or cavalry, marching and parking as before di- 
reed, Being arrived at their quarters, which ſhould be 
covered from every attempt of the enemy, the ammunition 
is lodged in the .magazines, the carriages put under cover, 
and the neceſſary repairs inſtantly during the winter, 
attention ſhould be paid to the comfort of the men, and the 
forage of the horſes, that the whole may be able to take the 
field in the enſuing ſpring with recruited ſtrength and vigour, 
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